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AHAJ1HTHHEGKHE HOCJlEAOBAHHil 
^POUECOOB KOHBEKTHBHOrO TEnjlO- H MACCDOEMEHA 



npouecoor. reis.i^' 


nECTAUMOHAPHOM TEnJlOOBMEHE ME>KAy TEJIOM 
M ORTEKAIOIUHM EEO nOTOKOM >KHJ[lKOCTH 

B coBper.ieHHofi TexHiiKe iipoueccLi iiepenoca xen.^a npn necia 
‘iicHRpHOM pe>KHMe npnoSpexaioT Bce Bcapacratomee snaqeHiie 
• .4HaKo ec^ni^ Bonpocbi HecTauHOHapHon TeoDiiu Ten.^rioi 7 poBori,Ho- 
■~H [IJ /layiaioTCfi y'J.OB.xexBopHxe.xbHo, ro o VeoperimecKOM on:^ 
aHHiT npopeccoB HecxamioHapHoro Temoo6MeHa Meat^y xBep 
;oiM 'e.no.A! ]I noTOxoM >kh;ikocth 3xorc CKasaxb He.ibayi. npimnHn 
lOM, ’Jjo npiidjiuTKeHifa, Koxopbie ^a.xeKO He Bcer^a npiiMeHiiMi:! 
B >Ke ripii ciiHcaHHii cramioHapHoro Ten.xoo6MeHa - rejjoiv' 

HMijEbocrbK), nepeHocHTCH Ha c.nyqaH riecxamioHapHbix npoaei 

3. OHH HopOH coBepmeHHo HenpHeivbxeMbi. 

no.iHaa c!!CTej\ia ypaBHeHiifi, oniicbiBaiomaH nepeHoc xerAi. 

Te^O^. II IBH/KVlueHCH >KIi;i,KOCTbIO. COCTOIIT II 3 ypaBHeHMi 
IIHpOp,HHaA!!lKII. ypaBH8HH5I KOHBeKTHBHOrC- HepeHOCa reiLTi: 
3 a<naKccrH r. ypaBHeHHH Ten.?ionpoBoji,nocTn ji.xH oSxeKaeMor . 
■;xia. PeuieHiie axofi CHcxeMbi npencxaB.XHex cepbesHbie MaxeMa 
.MecKHe xpy/iHooTH. B KaaecxHe npii6aii>KeHiiH oobimho onycKaio^ 
AHO H3 ypaBHeHHH CHcxeMbi (ypaBHeHiie TenjionpOBo;XHocTH e xe 
.ey saMenHH ere aa^aHneM yc.xobhh Ha noBepxHocxH xe.xa. OobiM 
HO sanaexcH TeMnepaxypa he iiOBepxHocxH xe.xa (oHa npimHMa 
xTCfi HOCTOHHHOH [2]) iMH jioTOK Ten.!?, qepes 3TV ^OBepXHOCT^. 
^Tii TionyipeHiiH HeyxxoB.xeTBopiixeHbHb! npn HHTeHcjiBHOM Tenj.o- 
.jOMene, Kor,/i.£ o6H3aTe.xbHo caeayer vniiibiBaTb saaiiMHoe Te^JI.'^ 
Aoe B.aiiHHHe xejia ii jkh/ekoctk. CnejEOBaxe.xbHo, b AaHHOM cjiynae 
hh TeMnepaxypa, hii xen.ioBOH norox na noBepxHocxii pas^e.xa ne- 
jSBecTHbi H He Moryx Sbixb 3ap.aHbi, a x,o.x>KHbi 6bixb onpejEejieHbr 
B peayjibxaxe pemeHiui 3ap,ami. 

ripHdjiHjKeHHe, B KoxopoM 3a;EaHa xeMnepaxypa ilth noxoK he 
noBepxHocTii xejia, BbisbiBaex ii npiiHminiiajibHbie B03pa>KeHHsi, 
xaK KaK xenjioo6MeH npn 3xom He aaBiiciix ox cbohcxe xe.xa, ero 

ypaBHeHHH rHApoanHa.\fHKi; h nepeiioca Ten.is b HiiiaKocTii caeiiyei pa ■ 

- YaTpuBaTb B npne.,iHyKeHHH TeopiiH norpaHimHoro caoa, xaK KaK HMenHo' b 
uj.iacTi-: norDaHHiJHorr. c.iok HaiiOojiee cviH.ecTBeHHbi HBjieHUH nepcKoca. 
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Ten.ao(|)H3KMecKHx xapaKTepiicxiiK, pacnpejie.ieHiiH iicTomiiiKOB 
xen.ria, pasMepos ii t. 

OpK CTauHOHapHOM Ten.ioo6MeHe npnSjniHieHne 3a;iaHHbix 
ycjioBKH Ha rpaHKue pasAe^Ta Te.io — HiiiAKOCTb onpaBAano JiHiub 
B npeAejibHbix cjiyqaax Kpafine 6o*ibiiioH h iicqeaaiome MaJioft 
Ten.rEonpoBOAHocTii oSjeKaeMoro xejia ii, KpoMe xoro, npn 6jiaro- 
npHHXHOM pacnpeAe.xeHHH BHyxpeHHiix hjih BHeniHux hcxohhhkob 
xen.Ta, noAAepJKHBaramHX cxauHOHapHbifi pe>KHM. HanpUMep, 
B nepBOM H3 Ha3BaHHbix npeABAbHbix cjiyqaeB — oMCHb 6oAbuioH 
xenjionpoBOAHOCTK xcvxa — mojkho npH6jiH>KeHHo cHuxarb xeMne- 
paxypy BAOcib ero noBepxHocxH bocxobkhoh. EcxecTBeHHo, hxo 
pemeHHe Ba^aHH o xenAocSMene jkhakocxh c xaKoft HsoxepMune- 
CKOH noeepxHocxbK) He coAepxcHX saBHCHMOCxH npopecca xenAO- 
x56MeHa OT cbohcxb xejia [2], 

OAHaKo npn HecxauHOHapHOM xenjioodMeHe, HaHSojiee d^aro- 
npHHTHOM A‘^H npHMeneHHH npH6AH>KeHHa cjiyaae, ycAOBHH Ha 
noBepxHocxH pasAe.xa xejio — jkhakocxb HeAbsa CHHxaxb saAaH- 
HbiMH, xaK KaK xoxa xeMnepaxypa noBepxHocxH h He 6yAex saBH- 
cexb ox KoopAHHax xoaeK noBepxHocxH, ho 3xa «nocxoHHHaa» 
BAOJifa noBepxHocxH xeMnepaxypa dyAex HSMeHHXbca bo BpeMeHH 
H3-3a oxAajKAeHHH HJiH HarpeBaHHH xeAa. SaKOH HSMeneHHH xew- 
nepaxypbi noBepxHocxH bo BpeMeHH He Mo«ex 6bixb aaAaH 
a priori. HeaaBHCHMO ox cooxHoineHHa MescAy cBOHcxBaMH xe^a 
H >khakocxh saAaHH xenAoodMeHa AOAJKHbi (|)opMyAHpoBaxbCH 
KaK conpHH<eHHbie, ecjiH hcxohhhkh xenjia aasHCHX ox BpeMeHH 
(h KoopAHHax) H.TH HcoAHopoAHoro HaHa.xbHOFo pacnpcAeAeKHsi 
xeMnepaxypbi. 

HaH6oAee nacxo ycjiOBHH xenAOo6MeHa MejKAy noBepxHOCxbio 
xeAa H noTOKOM hchakocxh saAaioxcH b BHAe saKona KOHBeK- 
xHBKoro TenAOo6MeHa. CorjiacHO sxoMy saKony, yAeAbHbifi noxoK 
xenAa qg y nosepxHOCXH xe^a npnMO nponopUHOHaAen xeMnepa- 
xypHOMy Hanopy AT (pasHOcxb Me>KAy xeMnepaxypoft noeepx- 
HOCXH xeAa Tg h xeMnepaxypoii hchakocxh Tfos bahah ox noB^px- 
HocxH, AT" = Ts — Tf„): 


q, = a{Tg — Tfa>) = c^AT. 


(1) 


Ko 3 (p 4 )HUHeHX nponopUHOHEAbHOCXH Q, HaSbIBaeMblH K 03 (|)(i>H- 
UHeHxoM xenAooSMena hah xenAooxAann, aaBHCHx ox rHApoAHHa- 
MHKK noxoKa, (|)H 3 HHecKHx CBOHCXB jKHAKocxH, xapaKxepHOFo pa3- 
Mepa odxeKaeMOH nosepxHOcxH xeAa h He aaBHCHX ox ero xenAO- 
4 >H 3 HHeCKHX CBOfiCXB. 

CooxHomeHHe (1), HSBecxHoe noA HaaBaHHeM rpaHHMHUx ycAO- 
BHii xpexbero poAa, cnpaBeAAHBo, Boo6me roBopa, xoabko ajih 
cxauHOHapHoro peJK-HMa (nocxoHHHoro noxoKa xenAa <7s=const). 

npH HecxauHOHapHOM xenAOodMene rpaHHHHbie ycAOBHs xpexb- 
ero poAa Moryxxepaxb cboh (|)H 3 HHecKHH cmhca, nocKOAbKy ko34j- 
4 ■ 


.v’s;,™" ""“p-™™. 

= ^/®) = nAr, (3) 

iJ)HmieH™?eniioo6Mera 7 3aMM?’’oTcBo«CTB" xhIT^’ ™ 
OCHOBHB.X pasMepoB nosToM^B r^vu»I 

o6MeHa KOBiJ)(})HUHeHT a MoatHO nnuuS^ CTaimoHapHoro Ten.110- 
UHSHTa nponopUHOHajIBHOCTH Me»av K03 (|i 4 )h- 

paxypHUM HanopoM, t. e nocTOHWHna°IS*'°“ Ten;ia a Temne- 

saaaHHoft TO.KH Ha noBepxHOCTrTe"r 

TOJiiuHHa norpaHLHorocaoa6yae?3aBHce?B^T“IJI^^’’’ y<=^°«Haa 
Hux pasMepoB xeAa. nogmMv ^ bpcmchh h ochob- 

xapaKxepHcxHKa oxHomeHHa /l TenAot^MeHa kbk . 

CMbiCA. iHomeHHH q,/lT xepnex cBofi 4).H3HqecKHfi 

Ha32LV^aKOHorKrB?r„B„rnT“^^^^^ ^ 

HaKO B OpHFHHaAbHOft TenAoo6MeHa HblOXOHa. Oa- 

npeAAaraexca b KaqecxBe 9s = «A r 

o6MeHa npH MaAHX pasHocxHv^TPMLn ^y^iHcxoro xenAo- 
hoctbk) TBJia H OKpyaaromefl cpS noBepx- 

‘f! = <’‘‘(Tt—Tt) = cc(T^(T, — T,), (4) 

S?HHeH7 "ymnoroKUAooeMeH^^sL a(T) - Koacjj- 

CBoficxB noBepxHocxH xeAa ha’ ox xeMnepaxypbi, 

cpBflu. P^“°CTH Taaa, ho He aaBucautaS ot riMpoaiiHaMilK,, 
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TiiKiiM o6pa3o^!, npH HecTamu/fiapHC^; paai - 

Hbie yc.ioBHH TpeTbero poj,a mo>kmo lic-RMbaouaTb npu .^yMucTO^■ 
Ten.ioooMeHe Mewcty Te.iOM tt cpe.noft. KcrarH, b paoore X. C. 
Kapc.ioy [3]. rpaHiiMHhie yc.qoBHfi TpeTbero po.ia uHTepiipeTupy- 
lOTca KaK Bbipayj\eHtie saKona Ten.ioooMeHa paanaunefl (radia- 
tion into medium at zero temperature) . a Ko^qRlRimieHT naabisa 
ercH K03Cj)(|)nmieHTOM HSJiyHeHnsi ( cmissiviiy ) it, in 
TOM BHemnef"! Teji.ioiip 0 B 07 i.H 0 CTn (exterior conductivity) . OjinaKo 
n Aa.ibHeiiuieM 3 tot sokoh HbiOToTia coBepuiewHo npoiiSBo.ibHo 
dfai.i 3KCTpanixinpoBaH [4— 5] Ha salami KOHBeKTiiBHoro Hecramio- 
HapHoro Tenjioo^MeHa. To.ibKo b iieKOTopbix c.ivMaax HecTamio- 
HapHoro KOHBeKTUBHoro Ten.iooSMeHa .mo>kho ncno.ib30BaTb coot- 
HoiiieHne (1) KaK HCKOTopyio yc.ioBHyio c.xeMV pacMexa. Cxporan 
MareMaTHMecKasi ii ^nsimecKaft (|3opMy.iupoBKa 3a;iaHn xpeSyer 
iicno.ibsooaHHH cooTHomeHnn (2), x. e. rpaHimHbix ycxxoBiiit nex- 
Bepxoro poAa. 

PaCCyjKACHilH OTHOCllXeAbHO npUMeHHMOCTIl rpaHiHiHfalX yCTiO- 
Biiii TpeTbero po.a,a k HecxamioHapHOMy KOHBeKxtiBHOMy xenjioo6- 
Meiiy noATBep>KAaioxcH aKcriepnMeHxaMn. 8 paooxe [6] npu H3yHe- 
Hiiii Ten.xoo6MeHa mc/KAV Mexa.xAir-iecKon no.xyorpaHimeHHOii ibxa- 
CTHHOH (MeAHbie !i cepeopHHbie xe.xa) h hotokom HvUAKocth (bo- 
Aa) obi.io vcxaHOBaeHO. mxo K034)(])iimieHT Ten7ioo6MeHa a 
ixenpepbiBHo yMeHbuiaexcH c xeneHifeM BpeMenn, saBHcnx ox xen- 
.■io43ii3HHecKii'x cBOHcxB o6TeKaeMoro Te.ia (o5-heAiHofi xenAoeM- 
KOCTin 11 ero TOAUXllHbl R. 

OobHCHeHiie HCKOTopbix Ka HecxBeHHbix peay.ibTaxoB, noJiyneii' 
Hbix B paooxe [6], HaMii 6yAeT asho HH>Ke. 3,xecb Ba>KHO oxMexHXb, 
Hxo SKcnepiiMeaxaMH 6bbxa ycxaHOBACHa saniicnMOCxh K03(J)4)imH- 
eHxa xen.iooGMeHa ox BpexieHif, xenAoeMKocxii ii pasMepos xe-Jia 
B npouecce HecxamioHapHoro «micxoro» xenaoDOMeHa. 

ripi! xen.ioofiMeHe, oc..xojKHeHHo.M MaccoooMeHOM (cyiuKa 
i5.ia>KifL!x xe.x), yoKe AasHO 6biAO ycxaHOB.ieno, mto b npouecce 
cyniKii c xeaeHHeM BpeMCHH HenpepbiBHo yMeHbuiaexcsi ko34)4)h- 
UiieHT xen.xooGMeHa. nocxeneHHo npHSjiioKaacb k BejinniiHe Kosf])- 
diiiUHeKTa «HiicToro» xeimooSMeHa, AOCTuran ero BevXiiHiiH npu 

■c = 00. 

B pa6oTax [7 — 9] 6bbio ycxanoB.xeHO, hto hiicao Hyccejibxn 
B nepiiOAe naAaiomefi CKopocxM cyuiKM Nu(t) HSMeHaexcH b ariBn- 
ciiMOC.TH or BAarocoAepHvaHiin xejia u no cooxHomeHuio 



FAC NUg — HHC.XO- HycceAbxa b nepnoAe nocxoaHiion ckopocTii 
cyuiKH, — KpuTHMecKoe BAarocoAepacaHne (HaMaAbHaa BAaH<' 
HOCTb nepjiOAa naAaiomeft CKopocxH cyiuKii). n — norroHHHaH, 
saBHcnmaa ox cbohctb xe^a (cm. xfi6.xnny}. 

6 


AimHCHHJi noeroHHHux n avi 

-'-biTC-pii;* t 


HeKOTOpKJX &.1H)KHbrX MaTCpHa.lOB 


KuapueBbiii necoK 
r.iHHa .... 
Ape Been u a 


i I (Arane.XbHoe no.ioxKo ... I 09 

h’q 1 ^^^^P^^^jiHOBbie Ko.xbua . .j 03.1 

; [j KepaMii'jecKiie n.mrbi - • - j 2,9 

<popM7MDo"BaTSr»“ "“■f®«"o»aP«oro renjoaSMeHa 

Ha 1 ypaBHeHHA TenAOnpOBOAHOCTH B xe^e 

mp^^TmThT HMaanrHun JKnaKocTu MOJKei 

i-HipoaHHaMHiecKOH sajiaw ec.aH LiWTOcm 
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Tor/irt liOSHHKaiomtJe pesyTiSTaie MwaKuc/',; 

JIHH aaB.ieUH'/i ItaCTO.TbKO He3HaHHTe,'§bHbI, WTO BbI3UBae?ilbIM 
ii3MeHeHHeM n.TOTHocrii ?4o7ivHO fipeHeopeMb. Heo6xo,iHMo 
-TTo6bi pa3H0CT« TeMnepaTVp b ;'KH.aKocTH ne 6bLiM Be.iHKH. B ts 
KOM Cjiy^ae uaMeneiine obohctb >KtiaKocTi! c TeMneparypoH mo>k- 
lie- VMHTbiBaTb. Tax K.aK rHApoj.iTHaMimecKaR cTaOK.iitaautt.''. 
iioTOKOB Hacrynaet ropaa/io obicipee reiuioBoit, pacnpB;ie.ieHHT 
CKOpOCTOft B 7KIIAKOCTJ1 MOHvHC CmiTatbi K-i ^aBUCHLUHM OT BP'-. 

ypaBHeHHsi riijipo^iiHB^iuKn H nepeHoca len^ia 
B isnAKOcTH H TBep.ioM Te.ne no.iHOCTbto onuctJBaei npouecc hc- 
■ciamiQuapHoro Ten.ioo6MeHa. KoHeaHo, npii onpea>e.TeHHbix xgtio 
Dfiax iieKOTopbie q.TeHbi irepeMiic.TeHHhtx ypaurteHiiH He OKaabiBaKoi- 
cymecTBeHHoro btimbkhr Ha xoj npouecca li hmh mo>kho npeiic 
6peqb. HanpHMep, npn spe^<?eHax, mhoto 6oabiuHX dl Ji'e, rie a 
iipo;xo.ibHbiH pasMep oSTeKaeMOro Tevia^^ a xapaKTepHciHae- 

CKan cKOpocTb jkh/ikoctii b ^en.TOBOM HorpaHiiiHoM c.ioe. jipouecc 
B >kh;jkdcth 6vAeT KBaaHcxaaHOHapHbixf b tqm cMbicTie, mto Ji3Me 
jiCHHe TeMnepatypw >i\ii;iKocTH bo BpeMettU 6y<3,eT n65i3ano 5,11111,0 
ii3MeHeHHK> vcjioBHH (TeMnepaTV pb! H TenJioBoro noioKa) Ha no 

sepxHOCTH pasA-ena reno — /KtciKOCTb. OnnaKO 3a,iaqa ocxaetcr 
conpsiJiveHHOH. xaK kbk ycnoBUH Ha fioBepxHocfti sf hX saBucH 
MOCTb OT BpeMeHH no-npeiKHeMV HenaBec'EHbL ^ . 

MeTo;i peiiieHHH cxamioHapHbtx t;oHpH>KeHHblx_ sanaq ouJ pao- 
paooxaH no HHHmiaxiiBe A. B. JlbiKoea b pa6oTe [U] n^xeM acuM ’ 
HTOximecKoro peuieHHH cneuiia.xbHoro Kiacca cnHrynHpHbix ypae 

HecxauHOHapHbie conpH>KeHHbie ' aa.xaqii bbtihiotch oonee 
c.ioiKHMMH. OAHaKO xaKoii uojxxoji B pHje CJlVMaeB Heooxoi.HM. 

HnJKe pemeHbi npH pn-Xe ynpomaioiUHX irpejino.ioTKeHiiH npo- 
CTefimne HecxamioHapHbie conpaiKeHHbie csa^a'iif xennoooMeHa. 
HecMOxpH Ha 9TII [iDej],no.ioaceHiTH, yqex BaaiiMHoro xenaoBoro 
BIHHHHH xeaa ii >t;niKocxH nosBOTiHex oo-bflcHitTb HeKOXOpfcie. pe- 
sy.ibiaxbi HeMHoroHHcyieHHbix aKcnepHMeiixoB ho HecxaunoHap- 
HO?.«v TenJioo6MeHy. - , o 

PaCCMOipHM .XaMHHfipIiblH ItOTOK /SH/iKOC-Tjr TeKymnii B lipB- 
MovroobHOH Tpy6e. v o.^hoh hs cxengii KoTOpofi noMemeno xe.ioA 
ioMc 1), HMetomee onpeAe.ieHiryiQ iiaHaobHyro xexine-paTypy u 
oxoaHTxaeMoe <H7iH narpeBaeMoe) tiotokoM. Te.io A pacno7io>Ke-: 
no .xocxaTOHHo ;taneKa ox Bxcvia H TpvCy. xaK UTQ npotpH.lb CKO-^ 
nocTH vcneeaeT no^HoCTbio paseuxbCR. 

B npu^iiiMceHiiK Teopiiii norpaHHHHOro caoH aan TcMiiepci-^ 
xyohi H<if;iKOCTH Ih HMceT MecTD vpaBHeHtie!. ^ 

ad(-v% X) ^ 

' dt . ^ - dx ' 

\ (0 X < 00 , 6 'Aj/ < j, 0 < X < rf). 


( 6 ‘) 


iioob^ie.M' Sc! sii'ifi.iO' otchcT/ 
STH. Tor^.a Mo>KHo sanacar 
C>(x,f/,0)^0‘ 
i’paBHSHHe TmiDfipOBOaLHOf-T 

Tpia .4 — H. Meet bit;i 


d T (x, i/, T j 

r 


~r<- ^ 

; d). 


(>% 


dii^ 


j-iaMri.ibHoe pacnjoe^e^/XeHiie feMnep.i- 
Tvpbi B Texe B npoBOXH-BiHiiXCB 3h:cne- 
piiMeHXax rio;i,Aep>KHBasiocfc o_JiHopn;i- 
Hbi-M, coenoBareobHO,, 

T{x, i’, 0) ^ Tp consi . (s > 

3a iicK.iioHeH'HeM noBepxHocxH u “ ri. 
lepes KOTopyK) npOHcxo;],nT Ten.ioof'- 
Men TBep;i,oro xeaa n noxona >KHa,KocTir 
3CB HOBepxHocTh Tena A T^nTioHaoin- 
noBana, Thkhm oGpaaoAf, 

HnKOHen. na rpabifUB paSAena 
oGbHiHo: 





1 

!> 



A ^ 


/- 

A 

/ 


^777^ 


fill' 

i du 1 


V 




■ 

*,v. 


'Poquoe pemeHiie i-iecxamiOHapHofi cojipHcnoHHu;. KpaeBOu 
anMH (6) — (U) He npeACTaB.iHeT HenpeoAooiiMbix TpyAHOcrcf's 
OjHaKo, xaii KBK 3Ta saAaaa HHeer H.TaiocTpaTHBHbrf! xapaKtep :i 
peaynbTaTbr Ao.iJKHbi 6faiTbB03Mo>KHo6o.ieeo6o3pHMUMH, c-ieAVcs 
MaKCHMa.nbHO ynpoGinTi, ee 4>opMyciHpoBKy* B b3cthoctji, 
cyxcTByiOT K'aKHe^.mOo BfccnepiiMcHTaabHue AaHHhie o saBHCHMuCTA 
yc.TOBHff Ha noBepxHocin pasAe'TB dt KoopAHHaxbn Bbhav 

TiOCTH paSMCpa d (b TOM OlblC^de? Wi BpeMBHa d/w if dVOf ijaTlM 

BO cpaBHeHiijo c xapaKT'epHbiM BpeMeiieM: b xe^e RKof), a TaioKC 

ilQvlbJJJoH D&iHqHHH li03(|D(|HiUHeHTa fen.TOnpOBOAHOCTy TCcia /; 

[Mexa-iTiH) mo»:ho ycpeAHHTfe cucTewy (6)“-=(ll| 110 OCosisA 

naB cpeiH^e BHaHefijie Tewnepaxypi;: Hn;;i::0L-n: o 


A (/A 


^ dte XX ■ 


( 12 } 


c 
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ii aiia.lniiiqi-o 7't.' 

a.iv! Ti"MuonaTvpT.r 


. iio^TV'niM ycpej.HeHfiLie vpaBH::- 
iMKOCTii !{ 'fe.Ta cooTiuncTHeHHo: 


^ < ft 


I (ft) 



13! 



,U' iipii ycpeAHCHiiii TeMiiepaxypM ..k;; . 

• is yc^xOBHii (7), a TaicTKe nepBaa iiapa p;a..iCi i l(p Be 
ocrnabHbie HanajibHbie n rpammnbie ycaoBHa v- - 

aaa ycpeiiHeHHHx TeMnepaxyp t) n T(i/, n. 'i\u ..ja 
iieparypa 6' (a:, i/, x) HeoTpHuaTe-ibim ii hg aB^HexcH mohovoj? 
yCbiBaiomeii 4)yHKmieri x* (sto mo^ho noKasaxL, bociio.ti.sob,.. 

iiiiiCb npiiHuimoM MaKCHMyMa napaOoaiHiiecKHx ypaBneunai 

TO {|)yHKu,HK) Bxo;iHUj,yK:> B ypaBHenne (I3X Momno 

aiTb c, ^ c noMOiUbKT TeopoMH 0 cpe/iBOM • - 

jperr. nnaa: 


ft (x) q cv) lix . (Ok ( q(x\ fix (U : 


r.u- q{x) - npOH3Bujrhi!:iH ]^^^Te^pJ 1 J)ye^^^: 4r. : : ;w! M'*- 

q(x):' 1, noayaaeM' 

0(//; T I ■ (0-).,-._;U " ■"St' .O'r ■ 

yae napuMerp Ot MOiKeT, iiOOdiiiC rOBOpn, 3aBiie<./L * t < 
it OAHaKO npH ycxoBHHX, c4)opMy.iHpDBaHHbix B iiaaaae 
pasiiejia, h tqk kbk Hando/tbuiHu iiHxepec npeACTaojinio* ye.n, .. 
!;oviH3H » na iiOBepXHOCTH paB^e^a Te;io — >KH;i.EvOcrb < 
uiBHciiMocTb napaMeipa <i'=' ot // ii t 5y;ieT c.iaoou ■ v(^ 
lipiidjiii^eHHO cqiixaTb MHO/KiixeJiB b npaBOii ^acxij >pa.H<.ir' 

i I5) nOCXOHHHbIM. B 3TOM >KQ npIldJlH/KeHlIH Ue UMOi OMclCAl ; 
ysjiixbiBaxb (xoxH 3xo n .lexKO c^eviaxh) Toqtivio saBiicHMOcTb 
CKOpOCXII w(t/) OT ICOOp^nHaXbT //, XaK ICIk COOTBCTCTByKOmHn 
Vf.ieH B ypaBKeHHil (13) ymeu iipfid-Tn/Keinici. Bce/ieM hckoto- 
poe acl^fpeKXHBHoe. anaqeHne cKOpocxn b Koxopyio BKaK>qn.M 

ii MiiOKiixe.ib (1 rV-fd) h. K'oxopan no nopa^KV se^niHHUhi 6y- 
xex coBnaii;aTr, o* CKOpocTbio b xenviOBOM norpaiiHHHOiu caoe'*’. 


OpocTan c-ae'tiKa scbijsc-KTUBHoa cuc^acxn, Korrspas bo csoeMv 

iocKOMv cMbic.ny ;ao.i3KHa coWiaAarb no nopsAKV os epeoiteii gKO- 

pacTfcio T5 TGn."030M norpaHUHHijM c.Toe, 



r;- - = eKOpB^TJs- 2 C&irTp? Tpv'fe- 


osefTeM uespas-MepHH'c r;er_.a};,.(„j: • • , - 

a TeMnepaxypbi xouiKOCTn si Teaa 0 n 7 ovxe.M 5 -: -a* 
OTHOCHTb K Haqa.^bHOii xeMnepaxype TBep;iorr) rcvia T 
•Tan AOH npocTOXbi 3xn HOBbie GespasMcpKbic i-.e.ipquiiv 
cooxBexcxBGHHO. CwcxeMa vpaBHeHiiii nepeHocri Tennn 
CTi! n xeae xenepb OKOHqaxe.ibHO aaniimeTca : 

__ -Q- , dT __ (j- T 

c?S‘ d r^-’ dt 
n rpaHnqHMe vc^iobhs: 


Mvy_ ,, ~0, (77-0=^ I. 



^ ±iii TpaHniie paa^ie^a T&jia’=^m^;xxx.ix 




(’f'X 


HBBecTHa .iiooag K3 {ftyfiKunfi ©(|) h;ih ^(|) (cooTBex 
cti^enHo oeBpasMepHan xeMnepaxypa noeepxHocTH pasAe^ia tc- 
:•:<> — xKHAKOcxb li oespasHepKaa n.ioxHocxb xenAOBoro norom 
-o.pL‘3 3Ty noBepxHOcxbk to onpeAeJieHHe t^(H, r,) h TCI. -r^ npn- 
; -‘AJiTcn i: xcaApaTypaii, HanpHMep, map. TaiinepaTVDH TKfTJiKfr- 
C:;: -iJ ex, yj liMceM 

d{S. V,) =34 I y f (lyi 

f ij 47 y 


ii CTOJib >Ke upocToe cooxHonifeKHe map T (s, r^), I'oxopoe mh 
onycxifM. 

nepefiA^sf K onpeAe.ieHHK) noTOKa ^(i), nBJinioineroca naii- 
6o.iee ^Ba>KHOH xapaKxepncxHKoS npouecca HeexaunoHapHoro 
TeiLTOooMeHa. Ha cucreuu vpaBHCHHi (16) -=-(18) hgxpvaho 

aSkflEynifTb 




1 


Vs -T- 1 


- 7C. 1 


- cth A V ~3 

^7^-- 


(oy(s) ^ f 

0 

JXAH EhIMHCaeHiiH ^l''(£) MCCaeAVe.V' T? 
^'/(s) B KOMn,ieKCHon n,7orrorTn '■ 
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> BeTBii npCBeJ^CM SHp-Hh Orptf ffMTe.l MK' !' ^ 

■•■cl.' Vi'BBaHu pnc. 2 


I i 1 

1 

1 

1 

i ‘ 
1 

1 


5 -- 

u 

1 



•H,-- ( 22 } .iBiii!,. asm .vio:kko 

bj (21)}, '.'Kijaaii Ha puc. 3. 
..•nrr;i>7 ■>? HHHMeHbHiiifi KopeKb 


a'Una.Ji v[a.iHH(-MtaM 

1. 117 11. t ■ f 

nccaea.OBaHi!e iTOi o > p0i:- 

o^iHOSHaHHori BerKH noKasHBaer, 
•'iTO Bce ero rv6pHii jie}{CTBHTe.aa- 
Bw It no a6co/!K)THoii se^iiiBiiH/ 

.■5aiv.TioBeH}ji .Me/iv^v H\Me.M a 

XapcsKTep pacno.'iovKOHHfl ia..- 
aOBvIITe.TbKtJX icopi-ieil VpaBHC-- 
OrpaHHMHTbCH BBSUy COOTHOlIie- 
'--Ihc.’io KopKen vpaBHennH (22) 
. KOTopbifi cvHiecTByeT rcer:?:: 



ae/iiia 

iBrajeKrii’ 


r9;BiCiu 


A 1' h HpiiTseacHa a- trpa 


■ }V}i3He;-i!ia r2'Z'\ naa ca;] 

i lurei piipN >•: iio i.OH fpp', (cm. pin- 2;. MXBaTbli4aiv)!^e^^\■ ifct 
j.iiocai 4 ; (i) (ae'/KaiiUie na orpesKe 1 < Res < 0). a iio .>o 
pera.M paspesa. Bbiiie;iaHa!-e:'o o,aHn3Ha mh\-io Rf>TH'. lir/HK-,' n- 

BhPIHCJJiiW HOTO; =■ ^ ‘ 


V 


A-^V _ I- j ■ 


i u . 


- K, u ctg- ' A] ] 


lIoBeAeHiie (t)yHKunn (£) aecLMa npocToe. npii wa-ibix .hjc - 
■i^eHHHx cv;.: ! ■' r.iaBHHM HBJiflejCH nocjiejfHHii «oeH (|)OpMv,Hbi 
124), H ¥(?) yeiJBaeT ~ l/K c pocTOM t. 

C ;Ta7iLHeHmHM poCTOM i noTOK ’4(c) npo;i,o.?i7KaeT mohotohso 
yobiBaTb, crpeMBCL k Hva/iio, npHqeM r.riaBHbiMii HB.iHtoTcn n.ieHbi. 
i/xo^inmne B cyMMV b ^^opMy./ie (24). Ooc^e^iHUH. nHTerpa,/ri>HbiH 
i.ieH B dJOpMv.ie cxaHOBHTCH npH Oojibmnx t Menbrne aioooni 
BvieHa cy.MMbi. 3 tot HHierpa.T MOHcex obixb B.ieMeHxapHO one- 
^:eii .MeTo;;oM riepeBa.ia. B pe3v,ibTaTe no.^ivnuM ' 



{ i - 



1- 



i-{aKOHe.u. nprr _3.r!..ibaenme.M pocTe S HecvuiecTBeHHbiMB cT i- 
HOBSTCII Bce B i|>opM vvie (25), KpoMe nepBoro 

C,>MMW. JaweTHA*, BTO RJin npoBc.aeHH wa 9KcnepHMeHTOB aHaat - 
BHH BapaMexpoB h a B iO BuaBCHHa ia? oombho cviiir - 

CTi;eH{ro MeHMUe 0,1. 

A,!!./: PHBH -.OViaC’^ '-lus-vi'. HailBii HpviCTHC 


B TfsPeeiAua ;; :r ~kc , i 
l!(’Ci''',TyKUX 


"7) ' ■- 
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in\:pv-c;, tuiiier. ' iiiir c.o 

A, ijiiAnF. (A/C--.;. ij. 


ef-, 


■' {22 


\ A 


1 


-4/^, 


(27 < 


K ^ crreiiejhibfo TOMHoeTr^ .lerKo nojiyqirrr ecixc 

->.4.:ee npoi_,u!e npn6.iii}KeKHb!C tpopMyTiLj x?i5j npH Sojitmi?:, 

. jiid.ibixy’C, (/(j --;A). 3 to, a TaKi-KS pcJccMOTpeHne Apynix c.iy- 
' a-B npiio.in>KeHHoro penjeHKH vpaBneHUH (22) mli onycTHM. 

i^OCITO.lbSOBaBLUJlCG HOJIV MCHHIsiMM Bbltiie aCHMIITOTH'ieCKHMH 
pGA-IOr-KeniSaMH ¥ (H) n npnCTUMH BbipaHC.eHHBMH 

Ut . NtOTKHO BbinuCaTb B HBHOM npOCTbfe 4>OpMy7Ib? 

TeFLia tfepes noEepXHOcTb paa^e^a Tejio — 
.^lidiKocTb, €Pr'3aHKyK> c deBpasMepHoft nTiOTHOCTbro linTOKa rn- 
oTHcimeinreiT - r- 


7fT)^ 


/ dr '■ 


>-3 T,, 


Pe 

Dd 


1 iriiTpiiMcp, ::Qrja lAj oFipfi^e.^yiercB cor.iacHO (26), 

:iocTa?r;TT7jQ oo.ibiHiix £ 


./P£ 


(-S) 


npii 


("r')- 

:> (26), i 

oy ‘ 2 SJ 

viii KpaTico npoaHa.wiHstipyeM c^^cjictshh hs npocTeftiueji 
( 'ib'^rr fqecKOif (popMV^m (29). Hrahy noTOK ydhiBaex ce ppe- 

..V ,v. . K,5k p — £ j , I ^ 1 j , Oi-CfO/ia no.'iyqaeTc-s 

4bni<:;Kc7iv3;ji.Gti Hi> 7U!a.iH3a 3K‘cnepHMeHTa,3ibHbix iiaHHHx iToctonw- 
-.orapucpMHqecKOR nponsBojiHOH noTOKa bo BpeMenn 
< -OCTuoLueHHe (29) BOjiTBepvK^iaeT BiicnepHMeHra.JibHO vct.-: 

-"-letiHXK. Tf'nxoEOm riOTOKB OT BpeMeWH f: Kb- 

M , qro lipe.MG 


CpnCTiG. 




%' V onpe,^e.,i>iK)mee noBep.eHiie renaoBon. noTOKa 
b npouecce HecxauHOHapHoro Ten.iooSMeHa, He HBaaeTCH xanai. 
repHbiM BpeMeHCM re^ia h.-ih noTOKa >KHiiKocTH orieibHO a onne 
FcaaeTCH CBoftcTBaMH h Teaa ii noTOKa o^-^e.TbHo, a onpe- 

PaccMOTpexbHpBAapyrHx MacTHbix r.-ivMaeB oorneii 
popMv.ibi ztv-ia renjioBoro noxoKa (24). O^HaKo sa oxcvxctb^pm 
qecra Mbi BbiHy>KaeHbi orpaHimirrbcH npiiBeaeHHbiMii cxvqaHMn 
npHBo.XHTCB Bbipa>KeHHe InB ^^rnep" 

vpbi noBepxHocxH pa3a,e,ia 0(5). «c-j\iiiep(. 

B 3aK.iioMeHHe eme pas noiwpKHeM cbvHaaMeHTa sbHHfi 

-iocTpoeHiia Teopiiii HecTamioHapHoro Teri.looSMeHa 'cbaKT Ka” 

OM HBaaRDxca cymecxeeuHo conpajKeHHbuvin. 

-i.lKaT^Nx)'^)"'' Ten.sonpoBoaHOCTb rena oaeHb Be- 

o RMnuV ^ npH 3XOM rpa;iHeHXbi xe.Mnepaxypw b xejie ler- 
KO BbipaBHHBaioxcH H npH6jiH>KeHHe cpe/FHeft (no ^^pocxSlHc^BxJ^t 
e^,^epaxypbI xe.na aojijkho HMexb c.mhcji. Sapanee oneBnano nxo 
npHHBxoro npn6.xH>KeHpL BpeM^ SV He 
4OJI7KH0 6bixb C^IHUIKOM Be.XHKo. XoxH Bce 3XH vcjiLhh He Bcerna 
PaccMoxpHM cayqaft. npH KoxopoM 6bKTiH npo- 
o6MeHy. 3KcnepHMeHxbT no HecxauHonapHOMy xen,xo^ - 

HxaK. npn 
'AlpaaoM; 


' c© kpaesaji saiiaHa aaniimexcH c,ie;iyiomHM 




_ o-_6- 

d V 3 - ’ 

^ 0, 


dr 

dl 


/M 

:\drj 

i. 


(30) 


4-d'h^ ~ 




( 31 ; 
( 32 ) 

Pei^ab: stv <qtcxeMy, !io,r,vqae.M coorneTCTBenHo i r op-nja-? 

"oaepxHocTH pasaena .-eso - innKocT, 

..i.oKa len, .a qepes 3 tv iTOBepxiJocxb 


erf(/3i P £)] -._ p., eric //.y I s'* y (33; 
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- - -- : 


t.. iz) = 




■rf(/ 


/-,/^ ''erfc(do V'"£)l 


' (341 

Tic- ^^>,(1) onpe^eTieHO KaK / £^1 if Bse/ieTiLE 

^ 

ooosHa'ieHHfi: (3 = 1 -f. AI2/4 ^ 

= P — M/2, ? 4- M/2, ( 35 ) 

= _1 (1 . A 3 V 2 ) ~M, A. = ^ ( I Am) 4 • 

Te.MnepaTVpa 0 / 6 (|) n hotok mohotohiio v^HBaioT co 

BpeMeHCM, HSMeHHficb npH Ma/ibix |''no saKOH/ 

0,i,(;) ^ 1 - yj .u Opi; 

y - 






npH So.’iblUHX 5 COOTBeTCTBCHirO HMegM: 




(36} 

° (37} ' 

(38} 
(39) 

SaMeruM, »ito Mbi < 1 npH Af < 00 . ^ajibHefiiuHe n.'ieiifci acHMn® 
TOTHHecKHx pasaoTKeHHH nojiyHatoTCH coBepuieHHo 3;ieMeHTapHO 
H3 HSBecTHwx acHMnTOTK4ecKHX paiioHccHHa ({fVHKUHii erf(^)^;iji 
60-1bllIHX H MavlUX X. 

Ko3(|)4)HUHeHT xen.-iooGMeHa BHpasHTca »iepe3 ’Fp.CS) n 
caeA,yK)iiiHM o6pa36.\t: " 


2v^r 


’!• ,-6 (s) ^ J.. <;-«« -f- ()., 6“ H- &J) , 5'' V - 
4ysr|^“ 




440] 


r^e OTHOLueHHe — = /(I, A4) onpeAe^neTCJl ^’OpMyjiawii (33}’ 
ii (34). OxcioAa A;aH-mic.'ia HyccevTbxa HMeeM g 

i4ij ^ 


iiftc;.o I]ycce.aLTa ifSMeHaexcg npn | no smom 

l.-'l 



r42t 


npii 6cwii>mHx I 

. Nu(g) 

NUg , 

IVTO 


' 2*.. 2 




(44), 


npe^bi^yiUHe 4)opMy^fc! b SaatHoi^ ^nctnoM c.iv^ 

BepxHocxH pasACvia nweeM coot« ^ 

sercTBeHHo 


2 i 4 r| 

:< I i 4 - erf (tl — AJ 2) |)j . 

-=•(1 


: :erfc((i -f (45) 



f ^ j 4 j e ^ 

pKC. ■£' 




= Yt'l - A </ 2 ) e " -'"Ml +erl((I_yW/2H^l!H- 

^ ( I -y Af/ 2 )^*'+^^ ^erfc((l 4 . A3)'2) 1 / 1)| , 


a cooreomeHHG (43) npHMer biiji 


JMl > 


/ tP* 




t ' l£l!!l£iLT 


(46) 


(47 1 


O’S' BpeaeHH, cor-tactfa $op. 
MIJWM (42) H (4/), KatiecTBCHHO H30(5paaceHa Ha dhc. 4. ^ ^ 

■UTMexn.M HeKOTopbie CJIe;^cTBllf^ noc^e;tHHx doopMvn. lis (45) 
OQribiLmx | onfjxfe s-ieityeT ycTaVoB.’ieifHaJT 

..3aK,390 ^ ^ 




fT A Cl 
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MofvT 6fcJTE> onpe;i:e=^^H!ji H ,;iCu:'a;u:t 

aiapHoro xenjico^MeHa. 

iUenb HacTOHiuefi pa6otH cocToajra npe>K;ie Pcero B bhhchc 
ri'HH npiiHmimravT’bHbtx ocoSeHHoerefi MateMaTHHccKoro oniicanHH 
npoueccoB necTauHOHapHoro Teir.iooQMena. Xo/i npouecca aecxa® 
mioHapHoro Ten..noo6MeHa noTOKa ^hb.kocth c Teao?sj 
oniicbiBaTb, crporo fosopyi, c yMeroiti aaBifCHMOCin npouecca b nO“ 
TOKe OT cBoiiCTB Te.xa, ero Teo-io<|)ii3B'iecKi!S xapaKTepiictiiK' i4 
pasMepoB. 

Ba>KHeiiiLiiie xapaKTepiicrnKn npouecca uecTauHOHapHoro Teff- 
.■ioo6MeHa. xaKMe. jcaK xen.ioBOii ootoh qepes noBepxHocxi. pa3“ 
.xe.ia xeno — /khukoctb. on^HHaKonc cu.ibHO saBiicax ii ox cbohctb. 
iKiiBKocTii u xena. B npo5iB.iBeTCfl ox.TUHHe npouecca uecxa- 

fXHOHapHoro len.ioooMeHa, KoTopbii'i, Kaix npaBiiao. cyiuecTBeHHo 
saBiiciiT II OT CBOIICTB uoTOKa H OT CBOIICTB xesTa. OX cxauHOHap^ 
Horo TeibToo6MeUa, r,ie ^xa aaBucfiMocTb. BpofliTisieTCU xonuKO^ 
ecaii TenaocpiiaiBiecKiie xapaivTepnexuKii xeaa IT HiiaKOCTii He pa?^ 
.iKMaRiTCH oneHb. pesKo. 

06oSHiHgHHa 

0 » - - 'n.ic)TH*)CTh THtfpX't’TO: teae. pj ■ — n.ioTnocfb jS.Mj.KtiE'firj ® 
TeiI.^'oeMKocTb Te.ia npn nocToaiuiDM Ta«.ieirnii. ry ■ ®xeai>aaK Teinoe?>ntocTfe. 
jKiaKocTii npii nocTOHHHom xaB.TeHiiii. /.p — Kos4)$miijebT Ten.nonpoBoaHOCTIi 
rerfia, a; - - K03(t)4)HiuieH7 TenjionpoBOAHOcTii -/KhtboctW^, a* — TeMTicpaTyponpoe 
uoxHOCTb re.ia. o; — TewnepaTyponpoBoxHocTb vKhjikoctiIj, 4 — paaMep re.is 
9Xo.Tb rpaHuubi c >KiiaKOCTbK), i5 — sitBiina.ieHTHiJU ABB^ISTP Kawa.Ta, K — aene- 
pe'iHbii'i pa 3 Mep re.Ta ( «riiyoHHa»i-. zz'^ — ar^tJjeBTHBuaH cftopocXb H\HXKocth b tcH'? 
riOBOM norpainiMnoM caoe . q {Tt — itioTHtKTij) TW-ioiioro iiotoko wepes noBeps.* 

socTb pa^ae.ia (ban. Pe == — — — 't0c«ioIteK«nc*j Fo^ = ' KpiiTepnii 4^\pS)0 


JXC_ II ^ • - <f,e:<pa3MepHb:it 

W aid ' Dd 


Te.1L> - - 

:Ti. , a,: = *■& ^ 


0 4i^\ 

• > t Tt} — 


TSMrbepaTvpff rjoiseptOKjcTir paa^g Ja 

‘miL ^ 4 ,L I ^ „ St ^ 


t, 9f> ^-5 «■ 

Cl S'" <3. A 7\ 


Si • - sjiss ssria:* 


^h;i otkehijh 


KOPUB yPAP.Hi-;i!Ii<5 




paKt'MCTca; Q {t) - 



! 

I 

i 

1 ’• 

1 

t :■<» 

i 

0.01 

0,02 

<0,03 

0,04 

0,05 

! 0.3775 

i 0,3780 

1 0.3785 

1 0.3789 

1 0,3794 

f 0.381« 

! 0,4402 

1 0,4406 

; 0.4410 

; 0.4415 

i 0.4418 

0 . 4438 

< 0,5030 

1 0.5033 

0.5037 
j 0,5040 

1 0,5044 

1 0,5061 

1 

0.56,58 
j 0,5661 
i 0.5664 
i 0,5666 
0.5669 
0,5684 

1 ■ 

^ a. 626G 
i 0,6288 
0,6291 
0.6293 
0,6293 

0 . 6308 

t 

i 





0,0? 

0.02 

o,o:i 

0.04 

0,05 

-c. > 

0.6913 

0.6915 

0,6918 

0,6920 

0,6922 

0.6932- 

0,7541 
0.7543 
0,7545 
0.7547 : 

0,7548 ! 

0.7557 ! 

0,8169 
0.8171 
0.8172 
0,8174 
' 0,8175 

0,8182 1 

0.8797 
0,8798 
0,8800 
0,8801 1 
0.8802 ' 
0,SS07 1 

0.9425 

0,9426 

0.9427 

0,9427 

0,9428 

0.9432 


4 

- 40 



- j 

1 

1 

j 

:»* 

:«« 

0,01 

0.02 

0.03 

0.04 

0,05 

0,1 

0,0149 ! 

0.0198 f 
0,023u 1 

0.0252 
0.0263 
0.0316 

0.0816 f 

0.0844 ' 

O.OS6S f 
0.0891 , 

0,0910 1 

0.09S3 1 

0 , J 560 } 

0,1573 1 

0,1576 ; 

0,1577 j 
0,1579 
0,1702 

f 

0.2366 1 

0.2377 ! 

0. 2387 1 

0.2397 
0,2406 
0.2450 

0,3129 

0.3132 

0.3139 

0,3145 

0,3153 

0,3217 
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o,{To~r^f 

“iS 

cp.- (/ x-)«-i 


r. WU 




fp-/-3 (/ y,2)r2-l 


» 7j3 

rpy.-^ (f x-y^-i 

.gy(ro -r-..) 

53 = ^, p. = -!^ 

<p 0r f}ro 
dv “ ■» T^~r._r ' d2 


■/^(To— r„) ^ * 

^ KpneBbiMir n HaMaabHbiwii yc./iOBiiHAJH b hobmx nepeMCHHux 

OVVIVT 

fo = f{x, 0, ty (i)o = 0(.v, 0, 7), do - I. 

0, z. 0, fl); = fl),, (A-, 0, z, 7), (17) 

liin f = 1, iim <l> = 1 , lim = 0 ; 

^i -=^(0, u, 2. ty (Ui = ctH0, 2, 7), d, - d(0, 7,, 7), (18) 

'/■/. 0, 7>, CD, = (1)(.V, v;., 0, 7), d-2--d(A', 2, 7), (19) 

^3 -= P{x, Tj, 0), CDs ^(-v, -t), 2, 0), ds = d(A', ri, z, 0). (20) 

Mo:-kho pa3bicKHBaTb raicHe pememtH no^ivqeHHofi cucreMbi 
Kor^ta: 

a) HCKOMwe (JtvHKiuiH 3a3HCBT HBHO OT ^CBvx iwH Tpex nepe- 
MeHHbix, HanpriMep, Tuna 

=f{x, tX ty # ^ d(i, A 

fcTIJ 

?>* 2), d=d(^, 2), 

eaaoBes laiCHg peiBlaHs fenacruMHQ asroi«o4e.«biiMMH®; 


6 ) HCKO^Mbie iljyHKunn /•', (D, d aaBucHT TonbKo or o;i»oro 
nepeMCHHoro. laKite pemeHnn nasoBeM „nonHocTbw bbtomo- 

OcTaB.iHH B CTOpone nocTpoeniie nacTimno aBTOMo,Te,ThHbix 
pemeHHii, saHJvie.Mca OTacKamieM rio«7HocTbK> aeTOMcue.ibHbix 
peinenun. Hs rpaniinHbix ycnoBufi (17) - (20) BifiiHO, bto e;iiiH- 
CTBeHHO BOSMOA-HblMH nO.inOCTbtC) aSTO.MOTie.lbHbl.VTIi pemeHHHMli 


F F (7,). (D — CD (vj). d = d (Tj ). (21) 

caynaa ypasHeHna n KpaeBue ycnoBna sanucbrna- 

ixMCJI b BH^C 

d n—) 

7^ ([ wt l~ ^ he <T^nn i‘1 - ~ Aj FF,^,^ ~ 

(a.2 -r ys'i -T c<4CD)F,p^ x_^F; — (zg -i- ot-CD,^) f,, -f- ^gd -== 0 ; 

*- ( [ i A„, |- H- I vl>„„ i*l = fD,,^ j + _ (22) 

- (^-2 -r 23r, + 2. F) <r>^„ ^ 2 „<i >2 _(„^_ 

+ 7-13 -f- ai4d = 0; 

^nn “ Pr hi f h + hy, -f O,! — Pr S^d --- 0; (23) 

F(0)=fg = x^^ (D(0) = cDo=-M„ d(0)=.d„=l: (24) 

/'„(0) = 3V2,, CD,, (0) =7140 

= .Vg,- lim cD,, = M3, limd = 0; (25) 

^1 = (-^a ), Oi = 0(r,4y di = d(T,j), Fo = F(7io). 

cDo = <D (t(o), do -= d (7)0), (26) 

^3=/=- (7)3), (D3 = a>(r,3), d3=d(vi3), 

ra = y-(0, z, t)y, Y,o = x(.v, 0, t)ij, T^s=y{x, z, Q)y. (27) 

BaYPuv (22) — (27) onpeztejiaeT no.THocTbio aBTOMo;iejifaHyio 

r 6 OTCiOYrnoY®'^ noTpeSoBaxb eme nocxoBHCTBa 

i, Pi-Oxcio^na no.iyqaeM coBOKvnHocxb ypaBHeHiift iiih nasbicKa 
hhh B03M0>KHbix KpaeBbix yc.rioBHH pasbicKa- 

<tHm,eH3r®» R ypaBHeHHH unn K03<i)- 

(piiUHeHxoB a,- H p,. npHBCTieHo b npimo^ennH IL 
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-^Oiipere/teriHoct.n, Ba3HiJKaiomi>{e i. (popMyTfas (32), (34), KorAo 
a) = 0^ « 7 - 0,5; 


TierKo pacKpbiBaKDTCH, h nosTOMv MM He 6y;ieM aroro jieTiaTb. 

HecoMHeHHbift unrepec npeACTae.iHeT, Kasa-aocb 6bi, tphbh- 
a^ibHbifi CviyqaH = aj = 0 . Oh nosBOiiHer, nanpHMep, paccMO- 
Tpexb saAaqy o6 acHMnxoTHqecKOM npo(i)n,/ie Ha htiockoh n^ia- 
cxHHKe B Koco HaSexaiomeM noxoKe npn Ha.xHHHii OAHopoAHoro 
oxcoca. 

B 3X0 M c,iy'iae mm iiMeeM 


^0 o = Uo = -2, 


XAe F -Fil/), a>=(p(i/), H OHH HaxOAHXCH H3 ypaBHeHHH 
d 

~ f [ ! !” "i" 1 1”] ^ yy^l “2 F yy = 0, 


! r ! Pyy \^ + [ ^iF^yy I’’] ' > O.d? yy = 0. 

KpaeBbie ycTioBna ocxaioxcH npejKHHMii (38). 

HnxepeCHO oxMexHXb, qxo npii Hajinquii BAysoB (oxcocob) 
saAaqy mohcho nocxasHXb abohkhm oSpasoM. Bejiaquuy none- 
peHHon cocxaBTiawmeft cKopocxH Ha cxeHKe, KaK bhaho, h3 
(10), (32). (34), MOHCHO yqecxb (JjvHKnuefi rf, xoxAa b ypasHe- 
HiiHx npHcyxcxBviox q/icHbi a b rpaHiiHHbix yc.io- 

BiiHx KOHcxauxbi -V, M pasHbi Hy.aio. Bosmoavho xaK>Ke CbMixaxb 
d 7., 0, HO xorAa yqecxb KpaeBbiM ycAOBiieM F(0) = N, 

0 (0) = = M. 

Bbioop XOii H7IH HHOfi HOCXaHOBKH SaSHCHX, KOHeqHO, OX 
VAoOcxBa peiueHHH saAaqn. SaMexHM xaKjKe, qxo xoxh ox bbi- 
6 opa K 034 )$>HUHeHxa «i peiuenHe atih npoAOTibHoft h xpanCBcp- 
ca.ibHofi cocxaBJiHiomHX CKopocxn He saBuciix, oh cKasbiBaexca 
Ha Be.iiiqHHe nonepeqHoft cocxaB-aHiomeH cKopocxH, KaK bhaho 
H3 (32), (34). 

OCXaHOBHMCfl HeCKOAbKO HOApoSHeft Ha OHHO.MHHaAbHOM 3a- 
Kone CKopocxH na Bepxneft rpaHtme norpaHiiqHoro caoh. Ha 
ypaBHeHHH (36), (37) h rpaHnqHbix .ycAOBHfl bhaho, qxo ohh ne 
aaBHCHX flBHO ox nOCXOHHHOft c*. CACAOBaxeAbriO, b BbipaH<eHH5IX 
(32), (34) BCH aaBHCHMOCXb ox c* Mo>Kex Obixb CBHsaHa c onpe- 
Ae.ieiiHeM naqaAa qxcqexa ijo ocii ^ 


HECTAUHOHAPHbiK norPAHHHHblO CJIOft 

(5) npH pememiH noaCHcTeM nfl)- 

(O), Ha BHA npOHSBOAbHbIX (fiyHKmift 3HaqHXeAbMO 
bo 3 mo*„ux saKOHOB CKopocTH noTeH«,.,a,BHoro 


BbinHiueM BbipaAvCHne aah hck( 


:OMbIX COCXaBAHIOIliHX CKopocxii: 


« = a ^ p 

t -\-a^ 


V ^ (a^~i a.) '+ 




— -I- <^’1 (t + a») '+" , 

(43) 

we F, F,^ „ <1,, (C^-pemeHBe cJieayiomefl ci.cTeMbi ypaeHeHHfi; 
( 1 1 A™ P -n P] = f j + a, FF^„ _ c, F^^ -U 


-i-+ /T « — 2 


— -FF^- l)-u-L 

^ I -f-n ' ' ' ‘ 


,(1— F2)=o, 


f f I 1“ - I "'0® na P) " ®.,a i - (=>= - a, F) 

, 1 -f /z 

-r— ^«i(l-0;;)-=O 

C K'paeBblMIi yCAOBHHMH 

^^(0)=/^, <I>(0)=M. fn(0)=o, ®„(0) = O 

= F lim0„ = I 
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C (46 ) /b iia>)a™HbI'fl*’'MoIieHT /'-'- o*'', eoBnaaaioT 

c TeoperiiMecKir CecKOHeanofi CKopocTbro «a.iiiHaeTca 

■■<a^ ^oZTTpZoalTZ^fV'-'° aBvMepHoro cav- 

aaTynae*Horo^eirco ckoductk^^^ nP-THBecKoft tovk'„ 

saiomeft oCpaTHo nponoDmioHa?i,Hn’^^"“'“‘'''’‘““5’ v6h- 

K03,),4,.,u„eHTb, T SbT"Zr,^ BpeMeHH. Eca« noaoiitTb 

^.o^lTbHVK. 3a^a“;y'S ^hobTho" "SeSoM 

Hofci pasroHe (ocraHOBKe) ° SKcnoHeHUJia.ib- 

Hop.^,a.^BHOH C0CTaE.aBK>mefr cKopocrn 

TEnflOBOS norPAHMHHbm CJlOk 

H3vqeHne^yplBHeHHft^??H -HoGaBUTb 

:r£r,r 

HHxerpnpoBaHne nojiy^ieHHofl CHCTeMw nnHR#» 7 if 4 t 
TKeCTKOMV OrpaHIiqeHHK>'Hn RU-I ^ npHBCJIO K BecbMa 

Be“px„™"-™ - " P-P=™ 


V=c(x+ r = 

Tn - T a. -- /) (-V 4- C*)P. 


(48) 


■■ --eparypa „axo. 




H^r/ 2 ',7+3" / ~ yir J 


\ *+« / l-i-/« « 

I 3 j ( ~ ^ + y ■'< } « (49> 


TAB f. f„. (J», <I>„-pemeHHe Mejiy«mBK ypa*»e»»ft: 

a I P + Aia f + -.9, A,, - 


{SOi 


- 3j{f — Z-'f) 0. 


■ ( f i ^nn '-J ■ 


i — 


9 3(J =r (;i^ 

r + I Pr ( i|L j — ^ __ ^ j ^ ^ 

c K'paeBbiMii yCrTOBjiHMn 

^ (0) = A’, (0) ^ 0 lini ^ 

tl) (0) A4, tp,, (0) = 0 lini cl)„ 1, 

1^(0) - 1 lim# = 0. 

“-■ an, 

3aTb Iia aHamire.ibHoe cvaieime K?aS'*BOT\m' 5 

Hbi\ pemenifii. * -^acca bosmowchux aBTOMOii« 

COBMECTHA, CBOBOAHAS H BBIHy*flEHHA» KOHBEKUHB 

CTOpCHbl U CORM^f!"^ ^'Op’T 6bITb TeKCTVaabHO 

Ho/i KOHBeKUHil cso6oj^uon H Bb,Hy>fC7X 

co;iep>}AamHe cooTBercTavioniHe rnr ilBHTKeHHH q.-iei 

nojj-beMHori ciMbi Uo. n' ,9. i/. ‘-^^T'^B.'iBioiuHe apxH.Mezioi 
hub 4.7a (iiyBRuin'i f «-. '*’ • yjKe ussecTHbie pei 

B npiiaoH<LHH II niixvaeHbf noBepxHocrn 

.™.OB...A Beb-Bopa 

23s 

(x ■^c^)-~if}rdx)^ 

(f 

fx 

Tenep^ S0Gc^aHOBOT?^*oD^’^S^® yj^sKaei 

BO3M0JKH© aOGTpoeJtae aBTOMOir^lH?A^R ^ aoTopoi 

60 ;iho& fi SMaysv^4^H©fl ^^a««^c6Bw^THoj! Qgi 



§ 5 > 
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aBTOMoae.ibHbie peiiiennH xen.ioBoro norpa- 

HIlMHOrO C.nOH B03.M0>KHb! TO.’IbKO TaKvio 

aaiiaqy mo>kho xpaKTOBarb Kaiv Kocoe ooxeKanne no.xy6ecKOHeM- 
Horo K^iiiHa oecKOHeMHoro paaviaxa. ho a.iB 3xoro LMynaB g^. n g 
MOryx 6bITb XO.lbKO nOCXOBHHblMll. ■ 

C.xe;i,oBaxe.xbHo, aBxoMOiie.TbHoe pemeHiie cuBMecxHou it Bbi- 

Hy>K;ieHHOH KOHBeKUllH B03M07KH0 Zl.lB 33^13411 O KOCOM o6TeKa- 
HHII no.xyoecKOHeMHoro KxiiiHa oecKOHeMnoro pasMaxa npu c.xe- 
iiyiome.M 3aKOHe iiSMeHeHiin xe.Mnepaxypbi noBepxHocxii: 

CBOBOflHAfl KOHBEKUH5! 

JX.nsi salami cbo6oahoh KonBewnnH a8 = «i3=0 h Bce orpaHH- 
qeHiiH cBHsaHbi xo.xbKo c cooxHomeHHHMH (50), (53). B oSiueM 
c.xyMae BOccxaHOB.xeuHe cJiopMbi xe.xa no 3a;iaHHbiM cocxaBJiHio- 
muM citjibi xH>KecxH BecbMa xpvTiHaH 3aAaqa. VKajKeM hoko- 
Topbie, Ha Haiu B3r.XH.a, B03M0>KHbie aBXOMOii.e.xbHbie Baiiaqn cbo- 
RO.fl;HOH KOHBeKHHH; 

а) cxauHOHapHaH CBo6o.5HaH KOHseKUHa iia BepxHKaabHOH 
naacxHHKe npii cxieityromeM aaKone xeMnepaxypu noBepxHocxii: 

To (x + c===)-’ ■», (54) 

б) cxauHOHapHaa ^ByMepHaa CBo6o4Haa KOHBeKunH bStihsh 
KpHTiiqecKOfl ToqKH, ec.XH xeMnepaxypa noBepxHocxH saTtaercH 

(pOpMyTIOH 

To ^-= Tx t- b{x -j- c=== )-■* -’. ^ 55 ) 

B ooOHx cJiyqanx ncKOwbie BeJinquHu u, v, -/j, 0, vpaBHeHiia ii 
rpaHHHHbie vcjiobhh iimoiot bhji 

u =c{x 

+ Y A, J (A- c» )-■/., (56) 

d 2 

,5 ^a^TjTi ^ “i + Sg '©'=0, (57) 


i'-'yT - ^2)#,, - 3,0 = 0. 


^ (0) — F i, (0) =-- 0 lim 

^(0)-] lim 0 0. 

rj,e 79 H p, paBHbi cooTBercTBeHHO: 


3aj0 


'■ 2 ^ 


' PM 


3ai0 


{ 0 


= 2Pr 

(^1 


npHwep I. PaccMoxpeHHbiti Bbime cxynafi = a- = 0 nO) 
140) nosBOJiaer jtaxb oaho y.HHBKxe.^bHo npocxoe" peuieHne’ 
HBiHioineecH ToqHbiM peuieHHeM novinofl CHcxeMH vpaBHem^ 
HeK-OTopb.x nceB;^on.acT„HHb,-x^ n ^n,xa- 

Byiie.M cqHxarb F,, > 0. Tor;ia cncxeMa (40) npHHH.Maex bh^ 

^ - 0 , 

d (59) 

HFj^, - ^,y)] - --= 0. 

BbimicaHHbie ypaBHemiH .m6>kho oanH pas npoiiHTerpHpoBaxb: 
(^L ~ y.,F^ = c, 

(60) 

(^^ - ^yy — = c,. 

Tenepb HexpyTiHO nojryqiixb cBasb MeynAV (D^ ji F^: 

(D^ = Fy -j- C3C1 — C.2, 

HfqH'bi7y“r“" HHxerpnpoBaHHH, onpe^e.HeMbie ns rpa- 
FyiO) = 0^(0)= 0 

]im/='y=l, liniO„=l. /fin 
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y-niTblBilH. HTO K-Pfieswe yC.lOHMH (61) .IJliUT 
- C., : (). r, = 1 . 

npiiXOJIi.M K ptlBeuCTBY 

ricucTaBiiM (62) B (60): ^ 

ilHTerpa.iOM bToro vpaBHeHita jiB-iBexcH 

y.F,^ = [a, —^(1 r ;; rj " 

BcnoMimaH, mto cocTaB„4HK.miie CKopocin itck-aincb b Biiac 

“ = ^ "= ^'(. =- 3t.,, =:- jt L' f|)„. 

BbiiimueM iix Bbipa»:eHiie, iicno.xbsvvi (63). Hbm iipjueTCH nac- 
CMOTpCTb BO3.MO>KH0CTH a) J, 6) : . 1 paL 

B nepBOM 11 BO BTopoM coyaanx. Kab b.I.uio h3 (63) iciko 

ne^xo^r^n^’ Ha GecKo.ieMHocT., HoLie 

CKopocrti 5ySyT:'^‘'"“'' cocTaBOHiouiHM.i 

a. „ c-l 1 ^T, 1 ,Arl 




-Ly” ] 


1 n * 

‘ . ) r " 

X- 2,]) ■" // 1 '' 



rpa.i ((>3) .\i(,)>KHO HcnoobsoBaTb ;i,o 


B 3TC)ii TowK-e u (]>,^- 1, T. e. HCKOMbie (Iwhkuhh aoctii- 

laiOT BearmiiHbK Tpcoye.vion na rpannqHbix vcaoBiifl Ha oecKO- 
HeHHOCTIb 4.1H BCex f/, 6o.bmHX //.. MbI 

4 / - - F ]. HerpyrtHo yocMiiTbCH, hto npn stom ypaeneHHH 


Tabii.M oopasoM, b pasMepHux nepeMen- 
Hbix peuieHHe xth « > 1 mo>kho aanijcarb b Bn;ie 

„ ^ j ^ f 1 — ( I — l/. i/^) 1 ;ioH 1/ ; lu, (66) 

I F // > 




[jic.TiiM ycaoBHbie xoamHUbi 


K } I — 2n 


I — — j — rf// = ^ „ 

U^U ' ( 2 «— 1 )( 3 « - 1 )-^"' 


Kora,a ir> 0,5, n ~ 1 


, ~^'o 2 — c»n ’ 

Korpa // = 1 . 

Ecoh n<0.d, ooe yc.noBHbie xo.iiuH.Hbi uorpaHUHHoro cxoh 
CXpeaiHTCH K OeCKOHetIHOCTH. Fcjhhbhuio C.XOH 

SnrTu P ” TpaKTOBa.iocb KaK acn.MnToTiiHecKiin npodiH.ib cko- 
ca l Jn H«r°“ nP" Ha.iimHH pasHOMepHoro otco- 

HeaaBHCHMocxb npOAo.ibHOH cocxaB-XHiomeH ckopocxh 
or xpaHCBepca^TibHOH yKasbiBaex Ha to, hxo Kocoe o6?Sre 
. aeTHHKH He OKaBbiBaex hhiokoxo b^tihhhhh Ha pasBHxHe acn- 
MBTOTimecKoro npofjjHjiH non a b btom c.Tyqae. 

npeacTaBOHioT ecxecxBeHHoe o6o6ineHHe 
>Ka3aHHOH HbioTOHOBCKoii sa^iami -Ha HeKoxopbie nceBjton,xacxiiH- 
Hbie H TlH.XaxaHXHbie. HvH.aKOCTH. 

npH 3TOM B npocxpaHCTBeHHOM c.xyqae HMeioxcH cvmecxBeH- 
HbtOTOHOBCKOH 7KHAKOCXH Ha^IHHHrSo- 
KOBoro CKO.ib5KeHHH He cKasbiBa.xocb Ha npo^nojibHofi cocxaBJinio- 
meii ChOpOCXH, TO ilJIH /KHJlKOCXeH, HOitqHHHKimHXCH CXeneHHOMY 

113 61, Bejex, HanpiiMep, k yMeHbmeHiiio u npn vsejiimeHiiH nn 
A.iH HceBiionjiacTHqHOH h<iiji.kocxii npii hocxohhhom n 

lIpHMeqaTe,xbHbrM HBJiHexcH TOT (f)aKT, HTO KacaxexbHbie na 
npa>KeHHa aa crcHKe x,, ae l^PBacar or Sa^Zeai 
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BH3KOCTI1 KaKit.7IH HbR)TOHOBCKOli, TaiC U if.lH CTeneWHOU nomM,-.- 
^ecKOH >KH4KOCTn: ' cieneHHOii pooaoi li- 

= P ( — Vfl/), Ty^ = P (— V^0.1J). 

I lHTepeCKO OTMCTHTb TOKiKe, qXO OOKC 
CTiiHKii He CKasbiBaercH Ha BejiiiquHe t 

ZItih paccMOTpe - 

renTiOBoro norpan 
noBepxHocTH 6y7i,eT 

^ = (T’o — Too) exp i/j 

?ypon"p“BorHOCT?,"” TeMnepa 

□pHMep 2. PaccMOTpHMaBHa<eHHe,onHcbiBaeMoe vpaBHeHiiav.. 

. du d 


„ na Be^lIiqHHe T,-„. 


at 

dw 


. du 
' dy " 

dw 


Ot 


a 

" dy 


(67) 


x^e M = y)^ ~o = v{i), w^w{t, y). 

HeTpyTHo‘'’nocT7ofTB" 

-{erf[±(v0-v.,+^J_ 


2 


—erf I 


(i/r)' 


= 1 , (68) 

« = [ 1 _ ( , + ^ 

c.ieayiomHM rpaHiiBHUM h HaiaatHBiM yc.TO- 
/ < 0 , u = w ~ V 0 , 

t = 0, y-: 



B-- ' d_i 

iin - 'i f I . ,2) “ 

/ 1 V’l 

11.1 a- 

din^V^ [ 


(. 1 — /? J 


BbiqnC.THM yC.IOBHbie T07IIlJ.MHhI 
1 —n T^- 

- -7^ t , 0='== -= 

2na 


2na 


3/z H- 1 


. /^>0. 


(70) 


cJ>opMy.ib! (/O) n 1 HecnpaBeiiaiiBbi, h o6e ycaoBHbie 
TO.iimiHbi B 3TO.M cjiyqae craHOSHTCH OecKOHeqHbiMn. 

CocxaBjiflioLaHe xpeHna c.avqaeB n n ;; < 1 coox- 

BexcxBeiiHo Bbinucanbi HUHie: 


/— )- 

(^Y 

1 ' 


\dy 1 ■ 

[ df, ) 

J dy 1 ’ 





erf 


' b 

y -7 


- exp(— ^-)(pjj^^)_. 


/'-* V+i 

i' dw y- ' 

- dw 1 


1 <?W + 1 

^dyj 

~^r 



(71) 


BepOHXHO, nOcayqeHtioe peuieuHe motkho xpaivxoBaxb Kan aa- 
;iaqy 00 acHMnxoxnqecKOM npocjjiijie Ha KocooSxeKaeMoft n.io- 
CKOH nnacxiiHKe npn o;iHopoiiHOM oxcoce, saBHCHineM ox Boeivie- 
HH no aaKony 

v{0,t)-^^—dr~^. (72) 

ripii 3XOM HaqajibHoe ycjiOBiie (69) Ha^o noHUMaxb cjiertyto- 
ipiiM oopasoM. B MOMCHx BpeMeHii Hvab oxcoc oecKOHeqeH cae- 
,XOBaxe.xbHo, Bce noATopMOJKeHHbie qacxHUbi hs norpaHHqnoro 
c.iOH vaajieHbi H BO Bcex xonnax npo;iojibHaH cocxaB.iaiomaB 
ctvopocxii paBHa CKopocxH KaSeraiomero noxoKa. 

nPHJIO>KEHHE 1 

BanHiueM b .pasBepHyxoM BHi^e o6mee ypasHeHne irBuxceiniH 
B HanpH/KeHHHx, a xaKHce ypaBHenne xe^7Io^poBo;^HOcxll 
HecjKiiMaeMOH jkii^ikocxh npn Ha.iHqini apXHMeiiOBofi no,X'beMHofi 


(t,y) 

( du 

, du 

du , 

du 

t) = ~dt , ay(0, /) = 0 

7^- 

-- U 

r^A- 

dy 


lim ze> = 


^ ^.Vi/ 

dy 

d T;t- 

- {'R x 


dp 


d'^x. 
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dz 

} - - 

T T.^ 


Ty: 

' dz 

■ -- 0 , 

,, 



"dz 

d-T 

d^T \ 


' OA- dl/- dz- / ' ) 

CMOTpiuv BemecTsa. nojtqnHBwLnec? 3Heprriif. Pbc- 

CKOMv 3aK0H\' ' ^ CTeneHHo.Mv peo.ioniqe- 

Tf/ = ^ j 


^Toohi nponsBecTu b ja^ibHefimeM cpaBHiiTe.ibHvio 
nlnJfil Be.iijqiiH OT4e.ibHwx q.ieHOB vpaBHeHiifi ( ] , 2) 

cpen,ae.M k oespasMepHon tj^opwe noc.7ie;iHHx ' 

lipilMCM B iv-aqecTBe MacuiTaooB L. V, Z — ^ KOODUHHBT V 

Topl^af™ BeK- 

ft - T' — 

r„ T-^ ' Sy = SyS- s; = sv'g', 

BeKxopa ciwbi TH>KecTH lUTOiix 
OTHOCBTCH K oespasMepHofi' BeanBHHe. ’ ^ 

nocTpoiiM oespasMepHwe KOMn.ieKCbi 


npa>KeHiiH Hll^ocn^KOopSi^^^^^^ cocTap.,iBjomne Tensopa na- 
T,,v=2/e.4— T- ^ ,,jI da . dv \ 


dz 


R 2 " , Gt ~ gL ~ c . 2 . 3 = — 

oo'^oineHHbiMH MHc^aMH PeHH04b;ica h rpac- 

nepefiTii k noa;roTOBHTe.ibHoft paooTbi HeTpA 7 ];HO 

oe 3 p.i 3 MepHO.My siijiy vpaBHeHiift ( 1 ), ( 2 ). noeriBa- 
p 3 cnopHjtiiMC 5 i HOk'a npon 3 BO.abHfai.Mn MaciiiTaSaMn 

^-'■opocxefl“«K'H?o 6 « 
c icxeMci coj;epAaaa b kaqecxBe napaMexpoB xo.ibko nocxnoPH 
qHc.xa PeftHo.abjca n PpacrofJja. ^ 

R. a 3xoro, kbk .lerKo ycxaHOBiixb, HeoOxojiiiMo iiojiotkhxb 
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SespasMepiijia cncxeAia 

(1). (2) 

BbiniicaHa 

Hn>Ke: 

Du 

dp 

^ 1 ^ 

du 1 

Dt 

' dv 

dv L 

«J"- 

r 

dy j. 

a(r^ 

f- R- 
dy 



n Pv 

Dt 


R 


dlj 


ITT dv 
dx 


9]- 


*L') 

di/ \ dy j 


R 1 , 

4r^^ 


dz L 

■1 Hy 

dz / I 


4- Gr R 


dv 

dz 


Dw D 

Dt ~~ dz ^ 


/ du 

1 dz 

+ R-^j_|;4fR 

Ti^ dw 

r R 

dy V 1 

dy 

H- R-^ — ( 4 — \ 

dz V dz / 

-^r Gr r"" 



)]- 


— r. 


dv dw 
f^-v dy 


^ T’o-r. U/ 


dTo 

dx 


dTp 

dz 


)*= 


R •+« 




Pr(ro-r.j dx 


- (Fo - - 


1 d^f^ 
Pr dy- 


d'^ 




Pr(To-r*) dz- 
rjie lUTpiix y SespasMepHbix BejiiiaiiH onymeH, BBeAeno o6o6- 
ui.eHHoe MHCTio ripaHjiT.iH Pr ULa-^ R” '+« n 





^ 1 

7« du \- 

/ dv i 

Wf - 

fey 
dx 1 


^"4 

dv ) 




1 , ( D“>4r du 

! 1 

f du 

. dw Y 

P("4- 

-p K 

V dy 


-ar) 




(R ■+»-^ _!_ R 
\ dy 


TTiT dv 
dz 


)r- 


HHTb R 
B BHite 


SaMeTHM, qTo BunHcaHHaa CHCxeMa a^ih Soabuihx hhcea 
P efiHOJibAca HMcex Majtbift napamexp, sa Koxopbifi yAoSno npH- 

ByACM HCKaxb peuieHtiH ypaBHCHHft (1), (2) 

W = tto -r R Ml -f R~ Mj -f- ..., 

_ _J 2 

^ = Vo R Vy 4 R~ l+n y„ _{_ . 

_ _I _ 2 

ECJ = LZ/o 4 R '4" + R~" -f ..., 

0 - #0 4 R~ “^^1 H- 4 

1 2 

P = Po-^P Pi 4 R~ /?2 -f 

noAcxaBHM 3XH pa3Jio>KeHHH B CHCXCMV (1), (2) H, npupaBHH- 
Baa q^eHW npn nyjieBbix cxenenax Majioro napaiwexpa, Bbinn- 
uieM ypaBHeHHB HyjieBoro npH67iH)KeHHfl, onycKaa nHAeKC Hy.nb: 


Du 

Di 


dp 

dx 


Mv)T4i 


+ g:c 


dp 

dy 


= 0, 


(4) 

45 
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Dt Qy 


Iff Y 

(' dw v-") 

^ dix) ^ i* 




dy ) 

"(v)] 

~ ■ 

dW^ 

dt 

-6’?!L 

dv 

- U” 


= p,_. 


To — 


' dx 


CiiHTaeTCH, IITO 1 

Kan HenocpejcTBeuHo c.ieiiveT 

oespasAiepubix nonepeqnbix KoomHHnx ’ snaqeHiiHM 

R cooTBercTByioT Ma.^ibie aocoiWTHbiP^H^'' 6o.^bUIHx BHa^eniinx 

opAHHar TaKiiM oopaaoM PaaMepnbix ko« 

(4), (a) OnUCblBaiOT ilBH>KeHH 5 I ypaBHCHIIH 

B6.1H3H nyneBOH nitBHH T^a 3 tv ® 

Barb norpaHimHbiM c.ioeM no aninomM “asbi- 

HblOTOnOBCKOli avnriKOCTH, a vpaBHeHHH cnoeM 

norpa„„H„oro c.o. a.. e,e„eH„oii "-.uko: 

Hbifi C'lofi^KasLa^eTMapoe ™-''’ ''™ norpaniiq- 

tok, KaK 3TO ,-ie.7aeTcn b tLdT BHeniHHii no- 

tohobckoh >kh;ikocth, to TeoneTiinerKa 

Bbix ycnoBHH He BbrsbiBaer li^nviiHeHHS ''P^e- 

yc.TOBHa np„ ,v= 0 , -/ = o'^5an,«"Ba»*""paJy;'''"°' ’'P®' 

»(.v. 0, »(.v, 0 , ^.(.v. 0 , 0 = :,. 

»(.■-•, 0, .>•, /)=, s.„, 

-<•■ » .,0, „, ,. , 

npeano.TO>KeHHa ii ”(4)" "P“>*«’'oro 

npeje,aeHH.o aaB,iem,H npro6TeKam,r.,?» 

■■axojHTbca H3 ypaBHeHHft BepHy i ," : *HaKOCTb!o h 

aa “ * a.- ■ 


Tenepb, yqnTbiBaH noc.iejHHe paBeHCTsa n HesaBuciiMocTb 
jaB^ieHiiH OT nepeMCHHon ty, HerpyiiHo saniicaTb npoiisBOiiHbie aaB- 
neniiH no KOopitHnaraM, BxojiHmHM b ypaBnenne (4)/ (5) nenes 
cocTaB.aniomne cKopocrn noxeHmiaabHoro TeneHiin na noBen- 
neSHocTn!*''^' “ rpaunqHbie ycnoBun na 6ecKO- 

~ Hm zc' = ir(,v, /). ^7) 

lim •& 0. 

r/- =c 

HanaTibHbiMH ycjiOBiiHMH Sy^iyx: 

»(.v, I/. Z. 0 )=„„ V(.v, y, z. 0 ) = c,, ^.(,V, 3 , 0 )==^.„ 

y, z, 0) = # 3 . 

IlHTepecHo OTMexHTb, MTO a.7iH 0 </z <2 BoapacTaHne coot- 

lV::clrlr7Tu"cr Mnc..o"penHo.b 7 ica He 

saBHCHT OT L II u cooTBercTBeHHO, a npn n>2 pocr U cooTBer- 

tTB\eT ySbiBaHHio HHc.na Peniionbiica. 3 to nocnejiHee o 6 ctoh- 
enbCTBO craBHT noji coMHeHne npHMeHHMocxb no.avneHHbix 
\paBHeHHH norpaHHHHoro c.xon jinn n> 2 . 

oopasoM, pearoMHpyn. mo>kho cKasaxb, mxo, no-Bii^H- 
MOMv, no.77yqeHHbie ypaBHeunn (4), (5) c rpamiqHbiMH h Ha- 

niacTH^x ^'irn^ cnpaBea.iHBbi ^.xh nceB^o- 

noKaaaxenH cxeneHiro<n<2. ^ HHxepBa.xe sHanenHii 

n P H .n O >K E H 1 1 E II 

PEIUEHHE CHCTEMbf VPABHEHHl) K03^4>HUHEHTOB 

voa'BHeHHnTr'fw -^ajibHefimero iisjioHveHiiH nepeniiiueM 
\paBHeHHH (15) B c.xe/iyiomeM nopa/iKe: 


_ „ __ if-'-h 

I ' 77 , a.-, = 

. = (f-'-h 
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a, - 



y.(fy:^r-i ■ 

/,o -I- 


„ d 

. - i^>At 


v.(/xA"-i ' 

7-11 - 

(pxA/7--)"-' 



... f ((p'Ax- 




’ 

. u, + uu, y- u;'6'. 

, ^ 1(7, + (/r. 

-r 


Sjg A_ 

'^y?{fyJ^ 


,3. = A- P==f' 


<£^ 

y. 

II 

1 

dTo 

>'-(r'o-r,) dx ' ■' 


at ' 

? - - <p 

^7^0 



Ty,) dz ’ 



(3) 

(4) 

(5) 


(6) 


gxiTp - T^) 
Ty, f ■/? {f y.2 )n— 1 


gATp-T^:) 


(7) 

b nopa^Ke, 

JiByx ypaBHeHHii HaxoaHM noacHcreMy ()). Ha nepBux 


OTKyiia 


^ (9) 

npoHHxerpHpoBaB (9) „ ya„™«aa (8), aa^eM „CKo.M«e 4,yHK. 

y, ^ r 1 -f 2mn — tn ITT^ qm—mn-] 

/ ^ A 2//IM ~~ m 

I c''+", (10) 


. J tl- -{- (1 —n)(2y..—a. ) 

«5 — 7-1 


(8) 


Kor/ia 3i =.0. 


Ax, c-(.v 4- nXA 

I + // 

2/2 — 1 




Kor;ia a- = 


1+// 


I ’ ' ” exp / ~ L 

\ // + 1 

•2 - c exp(ci.v), 

/2 A 0 , 5 ; 


2 / 7 — 1 

___j 1 

‘■'-3 = f( 1 — 2/7) a-] i+« (x j_ 

;,==rH(i-a,)»,iW /,-,, = cu- + r,yA (i 

Korjo «i =z 0, « ^ 0,5. 

B (tJopMv.ie ( 10 ) .aaa y.ioocTBa aanacH BBejeHa Bea,mH, 


-7,— ,7(2a5 — aj) 


B cjiyqae, ec„iH aj = «= = o rbvHk-miM f ^ 
tojibko ot z, /. ° ‘Pjhkhmh /, X Moryr saence 

HanOMHHM, qxo C = c(z t) A 

ypaBHeHHH no^c„CTe«B. (,’) ieT'py^plo' 




—m l 

' L ( 1 + /z) a, J 


'"'"-'(tSt''')' I 

4 = C,)-Ma5(l - 2,1)]'^. 

yaHTbiBaa, qro b Bbipax\eHHax ^101 /ia\ 

= ~r,= ?.:r===s 


2n — 1 
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irojcraBHM b 3tii vpaBHeHitn cna- 
Mana (10). a aare.M (11). (12). 

B nepBO.M c.ivMae no.iyqii.M 

a, . 3ti {^m—mn — \) _c^^^{2 ~n)ct{x 

( 1 -f 2mn — //) c-~(.v -r Cj )"' ^ ' 

-= ^-1 (1 — //) Cj (-V -f- Ti) -f- mcc ^i 

\~^2mn — n (,v -y t', )'" ' 

0\ HKumi c, r, He aaBHCHT ot -v. noaxoMV paeeHCTBa (15) bo 3- 
Mo>KHbi. ecan - v / 


»? = 1 , Cl ~ const, c - 


Qii -- o.. 


ripn 3TOM 


m = 0 , 

+ a 

c --- const, — - = const. 
dt 


L'l^at-Qi. 

r. 2 n. - 

I 2 ~\ 

1 i « ) . 

L 7 i( 1 + /Z) j 



(16) 

( 1 ~> 


/ •/ - a 


n — 2 Qi 


a it — a .2 

1 -r-n 


anH m = 1 11 


2 n a 


(18) 


2 n a 


r 1 ^ izrfL 


7.., 


■ • 2r.- --= 7„ 


0 


.xnj] ni = 0. 

no;iCTaB.iHa ( 11 ), ( 12 ) b ,zi.Ba nocneAnii.x vpasHeHiiH nojicii- 
CTe.Mbi (i), y 5 eyK;iaeMCH, hto ohii .Moryr Slitb yjioBJieTBopeHbi 
To.ibKO. Korjia c, nocTOHHHbie. 

B cn\"Mae = 73 = 1=0 iiCKO.Mbie (|)yHKii.HH f. •/. hb.ihiotch pe- 
iiieHiiHMii ypaBHeHHfi .n.ia KoatJifjiHiuieHTOB 




( 20 ) 


rje 


fy. = a{i - -aiY , 


( 1 // ) 3 .., ( 1 — // ) 

! 

/ 2a jH. 


( 21 ) 


/o= ai 


exp l-rrz::- /] 
\n~ 1 


/-2 >'-2 a exp (Oj/), 

Kor^a 73(1 -y ,?) - //); 

•■^-3 - - [— (1 — n) 73 / ai]"^, : 

fa "= O f— a"-> ( 1 - _ n) 73 / i?,] i-r« ^ 

ec.iii 7-6 = 0 . 

ciyvHK-miH r/ BbiniicaHbi 


( 22 ) 

(23) 


Cij - 7.>£2 


(/ - ai) , 


d.,i - 7 ., a«-i [ ( 1 _ ^ 

xiiTca TO.,bKO npH = 1 noOTnMv ^ “-^ep- 

B jjb^bHeflmeM ;,Ba enpnanTa « “'l " “ 

IlyCTL J, rorjo, yariTbiBaa (2), nojiyairu 

7. = 7 

•^lO — ^0 


. if A. 

^-7 = S'-io, 7g = 7ii, 7.3 = 7^.,. 


(25) 
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no;iGTaBHM B (25) pemeHHa no;iCHCTeMBi (J). Bocno.ibsoBaBuiticb 
TCM, qxo c npoHSBO/ibHHe 4)yHKunH 2 , no;i6epeM nx raK. mtoSbi 
yjiOBTieTBopHTb ypaBHeHHBM (25). riojiyqHM 


^ i(2n - 1 ) c, (X -f Cl) 4- G (2nm - m -- 1 ) c,,] 

( 1 -j- 2nin — m) c 

^1^0 (1 -p G- (a' -|- Cj) cmc\. 

1 -f 2mn — m c 


(26) 


j,.1h =- 0, ~ 


3r-, (1 ~n)c 


1 f-// 

2n — I 

Ic (2/2 — 1 ) c,ci^ — cc,, — cr., (2/2 — I)], 


Opga 


(27) 


,q.nH ^5 -■ 7-1 ; 

2/2 1 


CCi 


— H- c^) 


^ ^ _ ^5^0 (2/2 — 1 ) ( J — 2/2) C, ( A- -I- C, ) 
(1 +/2)r 

aio "= — ^-2- [cci^ -J- ( 1 — 2/2) (a- -4- c,)] 


ai 0. 

PaBCHCTBa (26) BOSMOiKHU, eCJIH 
dc. 


c const. == const, c, bz -i- b, 

dz 


(28) 


(29) 


^4 2tj5fo b, 7]0 


g] bm{\ -f n)ao 
1 -f- 2 / 22/2 — m 


f 1 4- 2/22/2 — tri \ I-f« l—n ■ 2 m—mn~ 

f x == C(A--f fc-i-f/j)"- , 


(30) 


. r J i 2//2/2 /// 1 1-f-rz L -Jl 


PaBCHCTBa (2; 


/ ) oyjiyr H-MCTfa MecTo npn yc.ioBiin 
1 dc 

<■. = const, __ = const, c « i, e.xp (fo). 


_ <=^obi 2/2 ~ 1 


aob. 


Torjta 


f '- b exp (r,A biZ), 

.wro“;,otre6X:™®“o"“rr <28»- hcoo. 

x = c fa-, (] — 2/2)]“i^f « (A 4- bz -y bj)~^^ , 


(31} 


(32) 


/ •/■ c (a -- bz -r bi) >-2« 


(33) 


d = a. r »-i [a„ ( 1 2«)) >4 _c 

p. :srpi;.«:A,™ -e- -“-""p 


; V. . n 


_ ~t- bz -r- 6i 

£2 if r £2.> 


(34) 


t “■ < > - «) J ( 47 ^) ' " • 

1 : 

[4 (I -f 4 ] 


d = X, 

Koriia m~ 1 : 


(A 4 - O/ — -- l)^) l-f” ^ 

f "= £'j . 


(35) 

53 
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a, (1 -^n) 


" {X ~ C2t bz ~ , 


Korjin HI 0. 

nycTb //== 1. OrpaHiiqeHne (2) OTiia,';tieT. a vnaBHeHiiH Hi— 

3.Me?HTb. T, noj- 


BbinrimeM ncKo.vbie (Jjvhkiujii 


- X Ih) - , fy.^b{Z^ b,) 




b{Z^-b,) ^ , 


d — 2.y/.. y.2 ^ ( v -- Tj (z ~ biY - -Y!L 

2aj ' 

=(/=.- YL ^ _ ^b^yS 

a. ^ ^ 2^ 

^ /;/ -f ] ' 

KOPAa ai 0. a, =y 0. 2aj 2aj =. 7,; 

fy- = <;'(^ — - //j)s— ^ exp (Cj.v), 
ff/ b{z —biY exp (rjA), 


CCj 

’ "'•“ -'- IhY-^ exp (A-v), 

^ (I -Ys)b _ 2o.^s 


, / bb, 

V 


|, H-'- ^ b exp (b,z), (38) 


npif 27.4 = Xjj,; 


3^-7 — (s— 1), aj. ===7, 

CCi 

npHJ, =2 j„ a,„=27.,; 

f ■/. = e i£jiAi!A . , ^ 6 _(3 + by 

(.V -f Cj)- 

d=a.y. (^-T-^^i)^-^ 


«5^(I ~5) 


KOPAa 7.4 = 0. ~ h 

X, 'CpTae™e^,bia“'''''i'® (I). (3) B03M0MiH0, Koraa 

JipeAe.iHeMbie cooTHomeHiiHMii (lO) (12) raox 

^=-SS-S«==.:='=.'=; 

/■'. C(.v- c,y'‘(z^b,y-t_ q:„ = 6(,v__ 


^- = - 1) , „ 

— , 7.J.2 = 27.3 

Aan 7.4 = 0. 730 27 i, 7.4 =A 0: 

/ ■'- = : , (( ■/.= ^ ^10 

(^' bj )- (x -cj) (z -rbj) (x -Y- A)- ’ 

v- - <7 ] 

-% (»+c,)=(z + 6,)2 • ‘‘ = ’=■''- 

■Korja a, = 34 = 0, 3, = 23 n„ 3,5= 23.,. 
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PaccMOTpiia no;iciicTe»i 5 ? (5). sajaa BbmvataeHHoft, 

“OOOflHOfl H BUHVHiaeHHOti KOHBeKUHH 
HAieew W=^(py. H, cjie;i,OBaTejibHo, 

-f 3'-, ai3 a„ -j- ajo. (44) 

CBOOOilHOn KOHBeK'UHH U W = 0 , nosTOMy ag = 

'' (6) — (7). k'aK- i, npejkae. Haw 

np^jteTCH paccMOTpeTb ^sa Cwiy^an: //=!, n^]. n=:^l, 

“i “ Pi i — 1, 2, 3, 4, a B03MO>KHoe pacnpejejienHe reMne- 
paTypbi Ha noBepxHocTH naxoiiHTCH hs ypaBHeHiifi ;ijih kos*- 
^HUtjeHTOB ^ 5 , Pe, p,. nocJie xoro KaK nafUeHO, cocraaviaio- 
mne BeKTopa ch^h THHiecTH Ha och KOopiiMHaT -v, 2 jierKo na- 
xo;iHTCH 113 >^aBHeHHfl (7). HcnoJibsvH nocrpoeHHbie panee 
/• ‘P- (30), (32),. (33). (34), (35). (40), 

\4i), (42), (43), nojiyHHM cooTBercTBeHHo: 

I (.V 4- bz 

S* = . 4 i (a* -f bz + b, Y"^-r- \ =, A. (.v + bz f b, 


h 


2/?ai 

1 -f-m 

2Ai 7., / 


2p7.,ao(? 

1 H- /;? 
2a, /A> 


Ty:C-(l H-w) Ty, a„r-(l /h) 

Tu To. - I exp (p,.v A p..z), 

Sm - exp [(2r, — p^x - (2/7. - pA z], 

S.^ - A, exp I(2c, — /j,).v (2/7. — p..)zi. 


(45) 


(46) 


Pi a> 


.Se-0. _ 

. 4 i a, / ^ A, a. ^ 


Pi^o 


r,oa„/7--^ 

^0 - 7'a -r / (A- 4- /72 bj)p^ 

S.r — 2li (a- -j- bz 4- bi)-!’--^^ := A., (.V bz + 

^ ^ ^ P a,. ^ 0. 3. 3. 


<£•& 


^7) 


- .4, a„ / 


/4.2 75 / 
Ty, ao Co 


TyC- 

Tq Tx -j- / (flj/ -4 Co)" (a‘ a /^-s a bi)p, 

A ^ - 4, (a A A « 2 )~^~-(a- a- bz a- b^y-p, 
g\ - . 4 o (04 A "(A- A A- 61)" 
ac 


(48) 


3'! P, 


^-1 / 


— . p7 = aiP0^o(?, 
Ao a. / 


7":ca- raoKoa' 

To-=Ty A / (a- A A A (?i), 

^ A2 


(a- a at A bz A IhY' 
p5 2a, p. % = 


A’ 

2g] pa 


(a- a 6/ a bz A bi)p"^'^ 


, 3_ = 2aipno/7, 


P5 = 3, = S, = 0, 


A, 2a. / Ao 2a, I 

T yC- Ty Ho C- 

T, - /, 

Av = A. (x A Ci)-^'«-i (z A 6 i) 2 ("-J) , 
= Ao(a- a Ci)-’<'"-‘Uz a 

2a. (/ - r3,)A, 
TyC-{\ Am) 

.a., = 2a.(/-r^)A2 

TyCb{\-Am) 

To -= I, 

g,. ^ A. (2 A /7.)^(s- 1) exp ( 2 cix), 

^2 = A 2(2 a by-^-^ exp (2 cjA'), 

P, = Ps = P: = 0, ^ A ^nd- T^l 

TyC^C, 


(49) 


(50) 


(51) 
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^•J4 — 


Ta^L 




7V^ ' 


^ A-2 y-r, (T^ — / ) 
T^cb 


(o2) 


3, - p« = 3- 0. 

To^I, 

gx = --^I (-V -r f if (z -f g, = A, (x -f Tif (z + bif, (53) 


Aj g., (T^ — /) 


^14 = 


Aj y.:AT^ - - /) 


P. = p6 - Pt = 0. 

npii noMoiuH (36), It3 (PopMva (40)— (42) AerKO no.ivmixb 
eme Tpii cHMMeTpnqHbix cjiyqaH, a -13 cooTHomeHiiii (45)— (52) 
eme BoceMb. ^ ^ 

riycTb n^L ConocTaBHM no^CHcxeMM (I) — (3) h (6). He- 
Tpv;iHO Bn;ieTb, qro iix coBMecxHOe peiueHne bobmotkho npii 


/x- = const. 


(54) ■ 


- P^BS'^TBO (54) nojiytieHHbie panee Bbipa»eHii8 
(cfu; — (do), yoe>K7iaeMCH, qxo oho y^OB.iexBopHexcsi b ciyqae 


ripii 3TOM 


f y- = c (.V -}- fe + ^ 1 )' 

Tq = T^ + l{x A- bz A- &i)p, 


(55) 


^ 3p-r I 

= Ai (.v Ar bz bi) 3 , g^ = A^ {-^A-bz -f- 1\) ^ ^ 


-- 0 , 


Pr - 

3a, I A. 


y.gj.o bp 


(56> 


ao t - 


a^ = a, a,, b. 


I b a„ 


Ec.in HCKOiibie cjiyuKiuin saBitcHT To.ibKO ox nepe.MeHHoti i 
T. e. cnpaBcjniiBbi (j)opMy.ibi (20) — (22). xeMnepaxvpa nOBen- 
xHocxii II npoeKunn BeKxopa cnnw XH>Kecxii na ocb .v .laioxca 
c.ie/iyiomnMii cooxHoiiieHuaMn: 


7'o=r. -f /(/- 

- A (t -f- a,) 


(57) 


-0, y.,= l- 


.4/ 

T-^a ’ 

p. = 0 




npii .iioobix p. s, Kor,xa ^ I, n.ui .x.ia .iRiobix p, n 
— 0 , 0 . Bo Bcex ocxa..ibHbix c.iynaax p : 0. const 

7^0 == 7':. - / exp {pi), o-^. ,4 exp [(^i — p) /], 


npn s : 


= 0. a.. 


Al y,, 


?ii = P - 


= P. = 0; 

-t- / f — 2a3 ( A- Oiy\ g, = - A [-•- 27.3 / — a,]- 

Al 


(58) 


. (59) 


- 0, a,, = 




- 2pa3, P- p. .. 0 


:).ibK-o .a.iM r/ •.= 1. K'orja n - 1, p .. 0 , 7^, =. const. 

JlHxepaxy pa 

? K . J. V *■ Ch. E. .Jour,, 9. ■ 

f ‘ •>' P ' ^ t-. Z.AAt.W. 43. 135, 1963. 

j. Do^uc u. C. Ind. arid Engr. Cliem., 51, 374 1959 
o. Tom I I a 3'. Bull. Japan Soc.' Mecli. Enyxs., 4. 77, 'l9(5], 


. 195*. 
. 19(53. 
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. N. Jour. Phys, Soc. Japan. IS. 144, 57 


- vc.pu., juui. Kiiys, .'ioc. .Japan. IS. 144, .576, 19G3; 17. 1503, 

S. Kapur .1, N„ Sriva.stava R. C. ZAMP, 14. 383, 1963. 

A m .1 !I.\ T li II r r. TeopiiH norpami'iHoro cjion. H.T 1956 
ah "i; cocTOHnne nupoaapoa.inaMn.ecKoh 

. . I O li H a H c K li li ,1. r. .na.MiiHapubiii norpaunMHbiii c.ioii. cpHSMaTnia, 

B TeoperaaecKa. „„pa. 

'■ s' n " ^lacconepeHoc t. 3. EociHepronsAaT, 1963. 

. my.ThMdH 3. n.. BepKOBCKiiii B. M. Hcp^K Ac'o P? igfis 
BepKOBCK an M. B. H0>K:, ], I964. ' ' 

. m y .1 b M a H 3. n.. B e p K o B c K a a B. .W. 2-e BcecoioaHoe coaemaHn^ 
n.io- a Maccooo.Meay, 2—32. AlaacK. 1964. ^e<-uK).^Hoe cOBemaane 

. Reiner M. Arner. Jour. Math., 67, 350, 1945. 

■ . e r i c K .s o n A. G., B i r d R. B. Ind. and Eiiirr. Chem., 50, 347, 

. Bird R. B. A. d. Ch. E. Jour., 5, 565, 1959. 


leruaecKan raapo- 


A. B. BAPT.MAH. 3. H. BEPESOBCKHn. H. E. KOHilPAllIOB 
B. B. PBIBKHH 

^ «nHHEHHblX 3AAAM TEOJIGOBMEHA 

C nEPEMEHHbIMH K03<I><I>HUHEHTA/VIH 
nyXEM AnnPOKCHMAUHH 
HX KyCOHHO-nOCT05!HHbIMH 

HoJ°TBe°paoro“r™t ^ Heno^BH*- 

mwmrnm 

(npoA 0 . 4 bHoir TenjionpoBOAHocTbio npenedperaeM) * ^ 

dy V dy] ’ 

— o-^ y < a, — oo <a:<-J-oo, 

CHMMeTpH^HB,.. c^y.aeM, T. e. 6yj,L paccJaxpH^r^^aZy 
B oejiacTH 0 ;/<-(- a c KpaesbiM yc.iOBiieM 


CB93b .MeiK^y tlx) ^T(x, y)i^,Kp(x) . 
excH, KaK H3BecTHo, (JiopAiyjioft 


7 

- ~ 3a.ua- 

dyy=d 
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V (A ) -= f [/ (.V) - / (;)I /c (a — H ) d (2) 

.'.ae 

A' (I) = V p, 3, >0, 
a ji-j HB.iHioTCH coocTBeHHbiMii SHaMeHUHMii sa.iami 

(3) 

9 (0) = 9 {d) = 0. (4) 

IIiiTerpa.i (2) c^e^yex iiOHiiMaTb khk CBepTKv o6o6moHHHX 
{jiyHKuiifh Haiueii sajiaBefl nejiBexcH npH6.iH>KeHne yKasanHoro 

H^pa K (c) (jjyHKUHBMH, HMeiOmUMH JlOCTaTOMHO npOCTOii BH4 
ji.ifi npoBe;i,eHiiB (})ak‘THMecKiix pacnexoB. 

cjiyyafl, Kor^a npO(J)ii./ib CKOpocxefi saxiCHHexcB 
.iiineiiHoft KOMOHHanHeft o-(J)yHKUHH. Sa^BMa (1) xoriia cbo/ihtch 
K ciicxeMe oStiKHOBeHHMx JiH(J)(j)epeHmia.xbHbix vpaBHeHiiii c no- 
CXOBHHblMH K03(|)tt)HHHeHXaiMH: HJipo ^(;) ~ ' COAepTKIIX 

.iHiiib KOHeBHoe BHC.ao SKcnoneux. rioxpeCyeM, Bxo6bi iipii noviii- 

HOAina.ibHoft /(a) b HaiiooTibiiiefl BosMOiKHOfl cxeneiin coBna;ia- 
7 iii/7(a'). SaMexHM, ifxo ^ocxaxoHHO xpeSoBaxb coBna4,eHiiH, Kor^a 
xeMiiepaxypa 3a;iaexcH KaKHM-vinSo 04 ,hhm no.iiiHO.viOM xpeSye- 
MOii cxenemi. BBn;iy Oii,Hopo;iHOCTii paccMaxpuBaewoii 3a;i,aMH 
no A' cooxBexcxByioiii,He Be.JiHMHHbi Sy^iyx xor^a coBna^iaxb 
Bcex citBiiroB pemeHiia no a' h, c.xejtoBaxe.'ibHO, jitib .iioooro 
no.iiinpMa ne^ Bbime sxofl CTenenn. rioKaJKeM, nxo b sxom c.iy- 
nae p,- > 0, [x,. > 0. B caMOM ;;e./ie vpaBHeHun ji.ib 
B 3XOM c.7iynae hmciox bh;i. 


= VJ 

^ tx? ^ ; 


k 2, 3. 


(5) 


riycxb npasaH nacxL b (5) coAepjKHX n c^xarae.Mbix. Tor;ta ns 
3XHX ypaBHeniift cjic^yex Bsnxb nepBwe 2n ypaBHeunfl. Ohh 
npejcxaB^iHiox co6ofi ypaBneHiia tijih nocxpoennH KBa;i,paxvpHOH 

4)op\fy.;ibi xnna Faycca c KoacptJjHmieHxa.Mii ii ysTia.Mn I /jl; 

8 . , F, 1 \ . 

4.1H Beca ^ -Sr c I = . Xopoiiio iiasecxHO, mxo xabaa sa- 

I / 

^lana HeoxpHnaxe.ribHoro seca Bcer^a paapemiiMa, npimeM 
ec.iii Mepa nMeex SecKonenHoe nnc.ao xoneK pocxa, pemeHiie 
eiiiiHCXBeHHoe. KpoMe xoro, oxcK)j,a jkc no.ivnaeM P; > 0. 
l>-i> 


62 


Ms xopomo HSBecxHbix cbohcxb cneKxpa sajiami xiina (1) [9] 
Moa<Ho nosymixb, nxo npii axiix vc.iobhbx cvuiecxBvex no.ioHal- 
xesbHaH .^H^IefiHa^^ KOMeiinaunB (VcpyHKUHn'ox y, annpoKcuMii- 
pytoman u (y), Koxopoii b cpopMy.iy xima (2) Bofiiiex A'. 

lipH (ftaKXHHecKOM nocxpoeniiii annpoKCHMnpyioiJnero 6-o6- 
pasHoro npofpH.iH .moh<ho ncxo^liiTb Henocpe-icxsenHo ns xpeoo- 
Batma, Mxo6bi npn pasHbix no.nHHOMiia.abHbix no x rpanuMUbix 
SHaneHHHx xeMnepaxypbi coBnaTia.m xensosbie noxoKii. Mocxpoe- 
line xaKHx peiuenHii ynasano, Hanpn.vrep, b [3], Ec.ih noxpeoo- 
Eaxb, Mxo6br npHAieHenne cooxHomenna (2) k npH6.in>BeHHOMv n 
xoanoMy ypaBHeniiio aaBa.no coenajieHHe xaioKe jxna Sbicxpo 
Menaromnxca cpyHKunn, xo mojkho npiinaxh, nxo oho Bbinosnaexca 
ii.ia ncKoxopbix c.ayaaeB SKcnoHenx. B Macxnocxn, iinorTia mowv- 
iio noTioopaTb SKcnonenuHaabHbie no x peinenna, Koxopbie Bbipa- 
>ivaioxca 3.ie.MenxapHbiMH ^ynKunaMn no y. Mpn stom mhojko- 
oxBo noKasaxe^nen b SKcnoneHxax ma>KHo 6bixb ;iocxaxoqHbiM 
4.-ia BOSM07KHOCXH HHxepno.aHpoBanHa npeoepasoBanna .lan.xa- 
ca ox A panHOHa.lbHbl.MH (pyHKU.HaMH. 

Ecjin npiiBecxH 3a;i,any ic Bn;ty 


«(a) — 

dx 


d-T 
dy- ’ 


// 


Jma) 

r dy 
Ja(Z/) 


( 6 ) 


I y I -S 1 , « ( f/) = a- C 7 w (y) X (y)^ 


- 4]U OKdyKeXCa SfpCpeKXHBHbIM npHO.IHH^eHII 

U (y) KycoMHO-nocxoaHHOH (pyHKUHen u, (y). B sxom c.xvnae sa 
aana CBe/iexca k npH6.iH>KeHHio npeoSpaaoBanna Jlan.xaca o 
A (g) xpHroHOMexpimecKHMH cpynKmiHMH cnemiacibHoro bus. 
;iJia SKcnoHeHunajibHbix rpaHnqnbix yc.xoBnn n pannoHajibHbiMi 
MJIH no.TiHHOMHajibHMx. SaMexHM, MTO Ji.ia yqexa B.iHaHHa oqeni 
Sbicxpo MeHaromnxca no x rpanHqnbix vcjiobhh HeoSxoanMO 
qxo6bi noBe^enne u .{y) toxhoh h npiioniiTKennon sa^aq npi 
Ma.ibix I —y coBnajia.io. 3xo najiojKiix HeKoxopwe orpannqeHip 

saBHCHx u (y) npH 6 .TiH>KeHHon sa 
^aqn, h CBoSoAHbix napaxiexpOB ocxanexca Menbuie. nocKo.ibK\ 
npaKxnqecKH npotpH.ub CKopocxn bS.xhsh cxchkh o 6 biqHo 6 .nH 3 oi> 
™ npoBo^nxb (paKxnqecKn xanyio annpoKCHManHK 
He npeacxaBJiHexca onpanjiaHHbiM, xan ksk .ayqme xorjia onepn- 
poBaxb c xoqHbiM npotpHjieM. ^ 

Bo3Mo>KeH xaKJKe KOMSHHnpoBaHHbin sKcnoHeHunaabHo-no- 
.IHHOMHa.XfaHblH nO^lXOA-' 3X0 CBOJlHXCa K HHxepno.JinpoBaHHK) c 
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KpariifaiMii y3.ia.\!M npeoSpaaoBannH .Tan.naca or A' paiiHOiianb- 

HblMII HJlli TpiirOHO.MeipHqeCKHMM 4)VHKUHHM11. 

Mojkho OT.MeTHTb. HTO nocTpocHHe npH 6 .iH 7 i<eHHn aaaami 
Moa^HO npoHSBOjlHTb Ha ocHOBaHHii SKcnepHMeHxa.ibHbix nan- 
HbLx yqnTbiBaK^mHx noBejieHHe Ten.ioBbix xapaKrepHCTHK mnbKO 
9 f TeopHH oSpaxHbix cneKxpa.ibHbix saaan 

[A 4, 5] HBBecxHo, hxo bxo noBeneHHe nojiHocxbio onpeiie.XHeT 
ypaBHeHHe xnna ( 6 ) (cxasaHHoe sbime KacaexcH xo.ifaKo cxa- 
UHOHapHoro c.iyqaH; b HecxapHOHapHOM c.xyqae mo>kho onpcAe- 

•IHXb KaK U (y)^ xaK 11 A (y)). ' 

BbiJio npoBeABHO nocxpoeHHe npHSjiHJKeHHbix aa^aq cav- 
naa nyaaenAeBCKoro xeqeHHH b haockoh meAH. Opn bxom vcoo- 
bhh Ha. o 6 eHx cxeHKax npeAnoAaraioxcH OAHHaKOBbiivm. ypaBHe- 
HHe cxapHOHapHoro xenAoo 6 MeHa b noxoKe >khakocxh b SeBoas- 
MepHOM BHAe HMeex bha ^ 

Ad -</=)= 

HerpyflHO HafiTH no.nHHOMHa.abHbie no j: h nerabre no u peuienHa. 

fcCAH nOCXpOHXb HOAHHOMHaAbHbie peiUeHHH AAH KVCOqHO- 
nocxoHHHoro u c AByMH yqacxKBMH 


u = h 
Wi 


0 < y p, 

1 , 


TO nOCAe npHpaBHHBaHHH K 03 (J)(|)HmieHXOB lipH COOXBeXCXByiOlAHX 
cxeneHHx x aah -^j nOAyqaioxcH ypaBHeHna 

3^1 + 3^ (a^j — Zj) 2 , ( 7 ) 

6P“ (aj) Zj) + I2p {y.Q — Zj) -j- 6aj — 5 — 

= — zi) 18,32 ^ 2 ^ __ 2 ^^ 2 j 4- I8p (Zo— Zi) Zi -f- Szf— 2,2, (7a) 

2310 [— 63^ (z„— Zi) (3zo + Zi) -f 243=* (a5 — z^) — 3632 _ or^) + 

-4 24pCzo— zi)zi-f 6^TH-30?2(ao-zi)- 603(zo a^)- 30ai4-25]-j- 

+ 70291— 6p2(or(,- zi)-f 12p(ao— zi) + 6zi— 5] — 6992 
= 693[63S(zo- z4(z5 + 6z,ziH- zi) — SOp^Czo- Zi)(3zH-«i)«i + 

+ 60p® (z5 - Z7) Zi — 605- (a„ — Zj) zf -f- 303 (z^— z,) z'f + 6zf]. (76) 

- = 0,660981, z„^ 0,907835, z^ 

— U,l9b465 . Ecah BMecxo coEnaAeHHH KC3(J:4)HmieHX0B v p 
npii^r .V- noxpeOoBaxb, qxoCbi coEnaAQAO SHaqeHiie p aah t— 
~ e •'= , xo noAvqaexcH CAeAyioipaa CHcxeiwa: 

3^x+33(ao-«i) = 2, 

64 


O O 


- 6 p 2 (z„-_ z7)-f l2p(z.,-z4)-9 6z,-5 

= 6p-* (Zo — Zl) — 1 8^2 (Zo— Zj) Zi -f 1 83 (Zo— z4) Zi — 6zl - 

^ (1 — P) 

V ^0 tg]/ Zo 3 +]/ z.j tg 7 /“^(I_^) 


(7 b) 

Ee pemeHHe: p =. 0,65649, Zo- 0,91027 1 - n 9 ni . i rr 

annpoKC„Mam,„ npo4>n.,n 6-o6pa3HH.;,: 1 - > i' « S (S^ , i' 
aaa cocTae^eHna np„ 6 .iHKeHHo(i aa^a.,,, ./paBHCHna 


4«2 i 


68 


1=1—5. 


«? ?i + 2uj_u., -i- ^2 


(6) 

{8a) 


2 

u ~ 

3 ■ " ’ 315 

Ee pemeHHe: u 2/3, p = I 8/35 

Ecjih npH annpOKCHMaunn npo(J„M5, easTb .«<• tomk,. „ 

^ ^ (?i — //) + Ih 0 (^2 - If), 

TO B noAHHOMHaABHOM CAyqne iLvieeM ^exwpe' ypaBHeHiiH: 

Ul + ill 

3 ’ 

68 

315 

Id , «1 «2 S2 4- 2 wi« 2 git., + 3«l^/2 4- Wo hi = 7,5933942- 10-2,(86) 

ut g? 4- 2w? W 2 % 4 - 2wf «2 ^lii 4 - sulid 4 . 

4- 3mT wi iI + 4wi«i g,f 4 - ui gi = 2,684 1495-1 0 - 2 , /ge) 

FAe 1 — pi=ei, 1 — Ss-to. 

= 0^523‘76TSrS6“' ='“°-655396; &=. 0,2J2910; «,= 

H3 HCKaK,ne„„e 

ypaBHeHHH 6yAyT b6ah3h DemeHHST Asyx 

noEeAeH.te. rioaTOMrnorpe™^ OAHHaKoaoe 

Aoxoqena Ha oxpesKe ® pemeHHH CHcxeMu cocpe- 

Awi 4 - 0,97 Agi = 0, [A;i|<I0-A 

oqeHb HesHaqHxeAbHo. noaxoMv mox^ho u^nL ^ 
.ono.„„e.,b„oe ycoane. 
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xoiiHcb Ha yKaaaHHOM orpesKe. Flpii Haxo>K;ieHMH peuiennH vna- 
aanHoe oScTOHTe.ibCTBO 3aTpy71.Hfl.10 pacqeTb!. aacraB.ifl.io npn- 
MeHflTb cneiuia.ibiibie npneMbi. 

OTMeTHM cjjnaimecKHH CMbic.i nepBbix .aBvx ypaBHeHiiii b pac- 
cMarpiiBaeMbix cucTeMax. flepBoe "aBHeime xapaKrepnsyei 
coBnajienne pocra Te.Mneparypbi npn a.ootohhhom ren.ioBOM na- 
nope. T. e. oto ypaBHeuHe Ten.ioBoro oa.iaiica. Bropoe. khk iie- 
Tpyiiiio ripoBepHTb, Tpe6yeT paBencTBa K03(|)4)HmieHT0B ren.io- 
ooMena (no OTHOHjenino k cpenHeii no pacxo/iy TeMnepaxypei 
laiwKe npii hoctoahhom Ten.ioBOM iianope. To, hto 3 tot KOscficjiH- 
mienT rioflB.iflercfl TO.ibKo npH .iiiHenHo pacTvme.M c .v ren.ioBbiM 
nanopoM (n KEaapaTumio pacTymeH Te.MnepaTvpoii ) , cBflaaiio 
c reM. MTO paccMaTpiiBaioTCfl .iiiiub Be.iimiiiibi nn creHKax. 


3. n. UIX.HbMAH. T. tp. BEKM^■PATOB 

nPHBJlH>KEHHOE PELUEHME yPABHEHHH 
JlAMHHAPHOrO nOEPAHHHHOrO CJIOJI 
yAJIMHEHHOrO TEJIA BPAIUEHHH 
C nPOHHUAEMOH HOBEPXHOCTblO 


J1 H T e p a T y p a 


r. .3,AH CCCP. /6, .M' !, .3. !953>. 

H, .1, r. litl).>K. .\l' 12. 19.39, 

HKu B. .3. IbBeetibi ATI CCCP. ('epiui 


: e p cp. p. H K p e li li .W. 


IIcxbAHafl CHCTewa CespasMepHux vpaBHeHiifl 3 anncbiBaeTCfl 

B BHAe 


Q-H _ du , du 
dij - dx ' di^ 


J_ ^ de , de /■ , 

Pr dif “ " dx ' dy V ” 




-r«(Q— 1) — (2) 
PpaHHflHbie y-CAOBiiH: 

u V'--V^o(.v); #=0 npH /,'=0; (3a) 

u ^ u npii y = 5; 6) = 1 npn // = A. (36) 

Bocno.ibsyeMCfl MeroAOM nocACAOBaTeAbHux npH6.in>KeHHfi 
M. E. LUeena, noApo6HO iis.ioiKeHHbiM b [1], 

OnycKaa npoMe^Ky'TOHHbie BbiKjiaAKH h orpaHumiBaacb BTopbi- 
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SKCnEPHMEHTAJIbHOE HCCJIEflOBAHHE nPOUECCOB 
KOH^EKTHBHOrO TEflJlO- M MACCOOBMEHA 


B. M. CMCKlbCKIf! !. 3. n. lIlVJIb.WAi !. 5 . II. 0FJlC)Pcm 

TEHJIO- H MACCOOBMEH B norPAHHHHOM CJlOE 
HA nOPMCTOEl CTEHKE 

npo6.ieMe norpainm-Horo C30H npoMM.iae.Moii noBepxHocTF 

BdiniH. r.idBFibiM oopaaoiM xeopeTHMecKH.x [] — 3 7 11 16 171 

3KciiepiiMeHTa:-]bHbix paooT, HocBM luen Hbix 'npo- 
ueccy FK^napeimH Kane.nbHo^^^^ ,K„;fKocTH aa r.opHcroii cTemat 
nk mL? OiUaCTH OQ-bHCHHeTCH PaCripOCTpaHeHHblM .Mne- 
ime.M o6 iiaenTHMUocTH npoueccoB Bjivaa raaoB (imm napoB) 
B norpaHimubiH cjioii ii HcnapeHHH >KiiAKocTeH npa BHeuine^f o6 
TeivaHim npoHHuaeMOH noBepxHocxii. Me>Kay tcm /ia>Ke mucto 
vaaecTBeHHbiH aHa.iHa (|)H3HqecKHx KapTun o'ooiix npoueccoB ue 

M nonooHoii aHanoruH. no i, o6Ha- 

™ pa:b3iuniH HB.ieuHii. npucviuux buvbv 

mitubifrixofL "" ” HcnapeuHio aKXHHrtoro KOMnoneHxa b norpa- 

PaccMoxpuM ueKoxopbie xepMOAiiFia.MJiqecKiie it rn xpoMexaun- 

npcecc 

ne.TbHOM vKlIUKOCXI! 113 nopHCXOH CXCHKH. 

K nepBoii rpyiiiie mo>kho oxhccxh at^jfjjeKXbi Mo.ieKviHDHoro 
B3an.MoueiicxBna /khakocxh co cbohm napoM n XBepAbiM Lme- 
ctpom nopucxoro CKe.ieia cxeuKU. npoK^e Bcero 3 xo suel^nn 
B.iarn, nor.iomeHHon Maxepna.30i\i OTcnepcuofi 4ia3bi (cKejie^xa) 
HoT'sHe^r;:; -xapaKxepuayeLH Be^HMiuFoil c^ogoi- 

Hoii sueprHii, Moa<ex obixb XHMimecKoro ( Kpucxa.nnorHjipaxbi) 
BHH h ocMoxunecKoro npoHcxo>Krie- 

n H [10, II]. CieaoBaxe.xbno, npn xepMimecwo.M cnocoSe v;ia.xe- 
rn^ riirpocKonimecKoro Kanii.i.iHpHonopu- 

cxoro KO.X7]OHAHoro xe.ia hcooxotuimo yuuxbmaxb, upoMe xenxa 
([lasoBoro npeBpameniia, euie snepruio cbush, x. e. ^ 


q ■---= (r — RTl^ tp). 
- B.iaroco7iep>)<aHHe xe.ia. 


( 1 ) 


iipxraH rpynna oxBaxwaaex scbcheKxbi 
to.M snepruii ii .Maccbi UsunKocTH uu?-. ' c riepcHo- 

ee noBepxiiocxH BuemHefi cpe.5oif. ' ‘■TenKii u c ooxeKanticM 

cucxeMbi nop^^B npoue^crn-penoca npoxoMnoii 

poBbix KauaViOB .'.oa^er .aia nZm no- 

Ka.MH bx-naKocxH U cxanoR^xl^ ^ '^aBuca joiun.uu cxo.ion- 

-HHCXBO OXK;;?x.:;x^”r^ -- -P- Bo^B^ 

.VpOBeUb >F<H4KOCXn B HHX ' 3 3 B1 CHX HP ^ " 

Meuvxv npuTOKOM H3HVXPU B .iciiaLHnel. '-■'ooxHouiennH 

-MexpuqecKHx xapaKxepHcxiiK xV, mchiickob. ho u reo- 

OqeBiuHo. qro neKoxonop In. ^'oooiuaiomuxca Kana.ioB. 
nonar^aex Ha ee BHemmoio noBepNHocxr'!! 'aano?"''" "" 

Meuciiy oxBepcxuHMir nop u 6\’rr!ni aano.xnaex Bnarumbi 

9cJ)(i3eKxiiBHaH noBepxSoc'xb vI'pEpa ^^iepoxoBaxocxeu. Tor.xa 
KpHB.,eHHy,o BOBep.!J™SB ™,;cKo„ 

cvMMapHaa n.xomazib noneoeMHKiv «''aa^excH oo.nbmen, ne.M 
nop. /!,,>, >i<naKOCTH ncnaprZertf^'",”" '■apv^H.v 

iiOTOK napa bo .mhopom onpei^iaer!,, ; „„Anr"' 3"OHHb.ii 

paMH mepoxoBaxocxefi [7], '^H(}uir\pauHeii u paxMe- 

xo.ibKo npouec?y npucymnx 

Hoe .aucnepnipoBaHHe Macxu aomKo 'xh h oxHecxu Mo.xnp- 

HecKHx Kane.ieK b norpauumibni cno/I ' ^^^'^'^''^POcKonu- 

nepSSJ^^c^B --PeHHH Mo.ex 

r.xy6.xeHHe rpaHHUbf HcnapennH 'nponAo^an- ^to aa- 

oxHomeHHK) K noBepxHocxu cxchp/h V HepaBHoMepno no 

UHJI.XHPOB. noHB.xeHMe cv.xoH npove U-r P^^MepOB K-a- 

cxoro Maxepiia.ia npenu-fcxBvex^-enPHr npoc.ioffKii nopn- 

>kh;ikocxu bo BHemrK3iSVpe^; He'^vla 3Sa>p 

KpexHbifr H H^I^v.XbCHBHbr^l xapaKTen ^b.xhcxch tuic- 

cxBHe Sbicxporo BoapacxaHUH ?neitHbix 

>KHxtK0CXH B nap. OSpaaoBaBiBiiecH cxnv,?, » "P"^ nepexo/ie 
cxByioT y-Hocy Kane.xbHofi x<hxkocxh h<?'- t cnocoo- 

maiox BH3KHH MexaHHSM ^XBuleHua "'^P^ ”^P>- 

c^noe). Cxe;ioBaxe.xbHo na>Ke nm? ® c.xoe (noii- 

>kh;ikocxh cymecxByex ’ r.?v6oKajf cbhsb 

BHemHHMH saTiauaMu xen.io- u .MaccooQ.MeHa ' BHyxpeHHeii n 

WBa.oo e^BK^Hx^Tp^XTHe^rH^^^^^ nepeueHb c.ie- 

Kue, KaK xyp6yjiH3auH5i cpeTTbi n nnnl^n (Jjauxopbi. xa- 

Hufi H Texmepaxyp^norpahHUHoxTc^oe 

CHBHOcxb xen.xo- h MacconeoeHocR i ql- na unxen- 

AOBojibHo oxuexnHBo [ 2 , 4 ], ^ . vak usBecxHo, npoHB.xnexcn 

CKaaaHHoe noKaabiBaex coMHuxeribHocTK y -. 

B^iyB raaoB „ „cnapeHHe .,3 creHK,, b o.,.B,BaK,myro Sf cpeal. 6™ 
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il\ T OTtllKaKOBO B.niHTb Ha XpeHIie H KOUBeKTIIBUbn'l Teil.TCl- II 
viaccooSMeH re.ia co cpea.oii. 

C./ieAyex vKaaaxb xaKWve Ha paa.ximHe MexomiK HaMepeHiii': ii 
o6pa6oxKii AHHUbix b ooohx coriocxaB.xaeMbix c.xyqaax. Tax, na- 
npuMep, xen.TOBofi hoxok npH a;i,Ha6axHMecKOM HcnapeiiHii >Kii,a- 
KOCTH, KaK npaBHcXo, noncmixbiBaiox no Be.TumiHe VHoca Maccbi 
H xenjioxe (|Da30Boro nepexojia. Opii BjyBe hvc raaoB. xpoMe bc- 
JiHHHHbi noxoKa maccbi, iieoSxoAHMo yniixbiBaxb ii xe.Mnepaxvpbi 
cxeHKH H norpaHHHHoro lmoh. a xaK/Ke saBHCHMOcxii xen.xocjiUHH- 
necKHx xapaKxepHCTHK ox xeMnepaxypbi ii cocxaBa o6pa3VK)- 
LueficH CMecH ox.iaTiHxe.iH ii cpenbi. 

OnbiTbi [3, 5. 6, 12] ncKa3biBaK)x. hxo naiioonee oxMex.xiiBo 3 xn 
/lonojiHHxe.ibHbie (j)aKxopbi Moryx npoHB.iHxbCR b c.xvqae Ma.io- 
HHxeHCHBHbix npopeccoB xen.xo- h MaccooSMeHa (xHna cyiuKH, 
;iecop6uHH, BOAOHcnapHxe.ribHoro ox.xa>KjxeimH n x. :i.). npii hh- 
xeHCHBHOM npoxez<aHHH 3XHX npoueccoB (oo.'ibiHiie nepenajibi iio- 
reHpHajiOB nepenoca) «;iono.xHiixe.xbHbie» acjicjseKXbi nojiaB.-iH- 

tOXCH OCHOBHbIMH (j>aKXOpaMH. 

PiccjiejiOBaHHH HaH6o.xee pacnpocxpaHeinibix Ha iipaKxiiKe 
MajioHHxeHCHBHbix HpopeccoB npeiicxaB.iHiox 3HaMiixe.ibHbie 
XpyTtHOCTH He XOcXbKO H3-3a 6o.XbLUOrO MHC.ia OO.XO/XHHKDmiiX H 
coH3MepHMbix no CH.ie (J)aKxopoB. B xanux oiibixax Heo6xoii,n,Ma 
BecbMa xoHKaH h pa3H0o6pa3HaH annapaxypa 3 ..xh najie/XHbix h 
BocnpoH3Bo;tHMbix H3MepeHHH xeMnepaxypbi. cKopocxeii xeMemiH 
H oxHOCHxe.xbHbix KOHu.eHxpamiri Maccbi BemecxBa. 

B pa6oxe [12] 6bi.7iii Hcc.7ieiiOBaHbi no.iH cKopocxeii. xeMiiepa- 
xyp H KOHu,eHxpaij,HH B noppaHHMHo.M c.xoe B.xa>KHOH nopiicxoii 
njiHxbi npH ee cymne h TfecopSpnH b B033,yxe. HarpexoM 3,0 40°C. 
Onbixbi BfaiBBHjiH onpeAe.ieHHbie paB.mmin oeapasMepnbix npo- 
(])Haea cKopocxH. nepena^OB xeMriepaxyp 11 KOHueHrpamin, 
a XaK>Ke neKOXOpyiO HX SaBHCHMOCXb ox cjjHaHKO-XH.MHHeCKHX 
CBOHCXB MaxepHa.xoB o6xeKaeMOH cxenuH (nopncxaH. Kanii.i.uip- 
HonopHcxan, Ko.x.xoHj],naB KaniiJi.THpHonopiicxaH ) . 

npaBHJibHo onpei3,e3HXb aaKOHOMepnocxn coB.MecxHo npoxe- 
KaioiuHx Ma.iiOHHxeHCHBHbix npopeccoB xen.xo- ii Macconepeiioca 
npH HcnapeHHH HviiiiKocxH B norpaHHMHbiii o.xoii noxa mo>kho 
JiHuib Ha ocHOBe cnemia.xbHbix SKcnepitMeuxoB c aa.Mepa.Mn .xo- 
KajibHbix napaMexpoB. 

TaxHe SKcnepiiMeuxbi npoB03,ii3HCb b .xaoopaxopnH xen.xo- 11 
MaccooSMeHa npw (|>a30Bbix h xiiMnnecxiix npeBpameHHHx Hh- 
cxiixyxa xen.xo- h MaccooSMena AH BCCP HanwHaa c 1958 r. 
nepBOHana.xbHO HCc.xe 71 .OBa.xocb BOTxoHcnapiixe-ibHoe nooHcxoe 
ox.xa>K7ieHHe noBepxHocxeii b yc,xoBHHx .xaMHHapHoro norixannH- 
Hcro c.xofl c npo7io.xfaHbiM rpaTiHeHxoM AaB.xenHH. SaxeM 6bi.xi{ 
nocxaB.xeitbi aHa.xoriiHHbie onbixtj ti.xh xvp6v.xeHXHoro norpanim- 
HOrO CJIOH. 


JIAMMHAPHOE TEMEHHE B norPAHHMHOM CJlOE 

Oiibixbi npoBonn.xHcb na xnnHqHOM xe.xe Hey7io6oo6xexaeMOH 
cjjopMbi xpyroBOM mi.xHHnpe. Maxepna.xoM tx.xh Mojie.xii no- 
c.xy>xH.xa cneuHa.xbHo paapaSoxanHaH nopncxaH nponHuaeMan 
KepaMHxa maMOxno-r.xxiHHcxoro xnna. B cxaxbe [13] onucaHa 
xexHo.xoxHH npnroxoB.xeHHH n o6pa6oxxii 3 x 0 x 0 hoboxo .Maxepiia- 
.la. npuBeacHbi nopncxbie n cxpyxxypnbie xapaKxepncxiiKu (pac- 



y.l.THUiiTi-.Tb; J ^ iKipijCThiii c'T;tK;iH; 

- tokctd.ihtob;!^ iipoK,i;s 

.THMo: / — no.TBlCK;!; y - Jim;; J..TH U.iMOpCHHa ypOBH-^ 


npeae.xeinie nop no paa.MepaM, hx yTze.xbHan nosepxHocxb, ooman 
nopncxocxb, npoHHuaeMocxb, MexaHHqecxHe CBoficxBa 11 Tip.). 
HoBbiii Maxepiia.x o6.xa7iaex xopouio perv.XHpveMoft, nonxii xomo- 
nopiicxofi cxpyKxypoii. Bbicoxoii npoHHuae.Mocxbio*. xopoiueii 06- 
paoaxbiBaeMocxfaK) .xio6biM pexxymHM h.xh aSpasHBHbi.M imcxpy- 
MenxoM, no.xHoii coxpaHneMocxbio cxe.xexa b npouecce BHvxpeH- 
Hero B.xaronepenoca. ' ^ 

OnbixHbiii oSpaaeu (pnc. 1) npeTicxaBJin.x cooon nopiicxbni 
cxaxaH rf = 0.054 m . Z.=0,2o m c ycxpoenHofi btio.xb o6pa3ViomeH 
.xoTioHKoii-Ka.xopiiMexpoM (yro.x oxBaxa 15°). nao.xnpoBaHHon ox 
Been ocxa.xbHoii BHyxpennen no.xocxn. HoBopoxoM Boxpyr npo- 
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:uxibHon oci{ un.Hsn.ipa lo iOMKa ' i-rMn-tu-iijn., 

Minin'”'' "eAHLie ■K03i)>’,]V,;m,e,n-,"“T'en*o n 

M.cioooj,e,ia onpe.ie.ia.incb oobeiiMbi.M ciocooom iienocpeacT 

re,;™e"Bpe'’^r“' B.an, a., onpe.ie- 

Oni.iTbi npOBOaibiiicb b aspojiiiiaMii.iecKofi Tp\i5e c taKouToii 

. Cb OT lo ilo loO C. Ka>Kabi!i Te.MnepaTvpHbiii pokmm noa- 
aep>K.tBa.acH aBTOMaTimecKt, c roMHocTbio ±0 9° c a ,h Tefo 
anrtapaTvpa. Ka^eciBo noTona 

.enbHOM cTBope (no.iH CKopocTM aeecKOcoB. pacnpeae, iohiih aU- 
cieHiiii) oivaaa.itK-b b npeTie.ia.x nopM j.th aspozuiHaMimecKiix rpvo 
c saK-pbiTOii paooMeii Macrbw. CKopocTti H3.Mep5i.iHcb mieaxio- 
^expimecKiiMn Haca^KaMii — xpexKaHa.ibHbiMii ii riina IImto — 
llpa^HjtT.aH, npoTapnpoBanHbiMfi b paSoMux vc.iobhhx. Cxeneiib 
rypoy.ieHXHocxH noxona . = 2,4 -3,20/o . TeMnepaxvpa no:mZ 
rioro noxoKa. crenoK MOiie.iH. ox.Ta>Kitaioiueii >KiiiKocxn (zinc- 
TM.x.TupoBaHHaH Bojia ) ji3Mepa,xacb Meitb-KOHcxaHxaHOBbiMii xep- 
MonapaMii c TuiaMexpoM cnan 0,25 .if,u n 3aniicbiBa,iacb ^aeKxpon- 
Hbi.M aBxoMaximecKiiM noxeHmioMexpoM. 

Mo,xe,Xb npH ycxanoBKe ee b xpy6y’ Hxte.ia KapxoimvK) va,iH- 
Hnxe.ibH\io iipjicxaBKy, Mxo6bi npnC.XHSHxb vcmobhh 3Kcnepii- 
MeHxa K n.TocKoii 3a,xaMe. Bona b .xonoMKv n '6onbiiiyio no.xocxb 
cxaKana nonaBa.xacb 113 MepHbi.x oropexoK c ueHoii ne.ieHUH 
U,Uo .izn. ^poBeHb Bonbi b .ioaom<e npn no.iHBe cJiiiKcnpoBa.icH “ 
c noMombio ocoSoro onximecKoro vcxpoik-xBa. Saruepb! ma Ka>K- 
noH yr.ioBOH ycxanoBKH npoiiXBOnunHCb 0 laecxiiKpaxubiM noBxo- 
penneM qepea Ka>Rnbie 10 muh npn xe.Mnepaxvpe cxeiiKH nneBbi- 
iiiaKiiiieH Ha 2— 3°C noKaBaniiH «MOKporo» xepMoxiexpa t 
paBMemenHoro b HaSeraiome.M noxone. 

Bbl.iu npiiH«Tbl c.aeayioiune pe>KnMbl oJibiTon: TfMnepaTvpa 
noTOKa .0, 100, 130= C. B.iaaibocrb cpeab, ,, cooTaeTCTBeiind 4 
1-, H 0,0%; CKopocxH noTOKa — 6, 10, 12 ii 15 .u/ceK. 

HO PeiiHo.ibnea cocxaB.xH,i, c.ienoBaxenb- 

rio.iyqeKHbie b ^Kcnepu.Meuxax pacnpene.ieiHiH hoxokob xen- 
na H BeipecxBa iia KOHxype npyroBoro UH.iHunpa (pHC. 2, 3) 
HMetox cnenyioLune ocoSeHHocxn; 

а) MecxHbie noxoKu xeixia q ii .Maccbi nnn (jJHKcnprJBaHHbi.x 
SHaHeHiHi napa.MexpoB HaoeraKimero noxoKa mohoxohho v6bi- 
Baiox npii o6xone KOHxypa HH.iuHnpa no vma 90^, rne ohh'mh- 
iniManbHbi. Saxe.M HaminaexcH BoapacxaHiie q n i-,„ Bii.ioxb xo 
XT.xa 180 ; 

б) MiiHHMy.Mbi q II HDMXH cOBiianaKix c 9KcnepHMeHxa,ibHo 
::a.\iepeHHbiMH MHa’-ieHiiHMH ymoB oxpuBa .laMHHapnoro norpa- 
iHHiHoio c.xoH, npiiBeneiiHbiMH B ciipaBOMHOii .xHxepaxvpe; 
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SaBiiciiMocTi. Nil,; nasi uii.iHHapa 
H © (epad): 


B) n.xH Ka/Hnoro (jaiiKcnpoBaHHoro xeMnepaxypnoro pe>KiiMa 
cpenbi liMeex Mecxo cHcxexiaxuHecKoe pacc.xoeHHe onwxHbix xo- 
MeK B BaBHCHMocxii OX cKopocxH H aSeraiouiexo noxona. C B 03 pa- 
oxaHiieM CKopocxii^HoxoKa 6^. i\pHBbie pacno.xaraioxcH Bce Bbitue, 
coxpaHHH Bce ocoSeiiHocxH cBoero xona: 

r) npH (|)HKCMpoBaMHbix CKopocxHbix pe>KiiMax H nepe.MeHHorr 
xeMnepaxype naOeraiomero noxona HaSnionaexoH oSpaxHan nap- 
XHHa n-i 5 i 6 onb 2 U)ix xeainepaxvp T y noxoKa KpiiBbie xennooo- 
Mena pacnonarai©x€^ HH>Ke; 


I. 
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a) KpiiBbie CTanoBHTCH oo.iee no.iorHMii no Mepe HapacxaHiiH 
Te.MnepaTvpb, ocHOBHoro reMenttH. t e. o noBbiuteHneM ilnTeHc, b 

HOCTH -MaCCOOOMeHa. 

aitanaaoHe napaMerpoB onbiroB 0606- 
uteHHaH aaBiiciiMocTb a/ia nepeaHefi nacrn noBepxHocTJi umima- 
pa ^i^ieeT bhj ‘ 


Ko3(Ji(|3Hiiiief!Ti>i li iioKasaTe.iH 
creneHH b 4)opMy.ie (2) Haxo- 

ilHTIHCl, MeTOAOM HaHWeHblUHX 

KBa;ipaTOB. 06pa6oTKa (puc. 4) 
noKasbiBaer, qxo na bccm .la- 
MHHapHOM VMaCTKe CJIOH xo- 
pouio cooJiiOiiaeTCH npo- 
nopuiioHa-ibHOCTb .lOKa.ibHoro 
^nic.ia Hycce.ibTa iipOH3Be;ie- 
HHK) Kopna KBa;ipaTHoro hb 
V ~ X 

~~ — Ha TaKHM oSpaBOM. 

itBMeHeHiie se.iHqiiHbi Kpaxe- 
puH KyTaTe;ia;i3e (xapaKTepn- 
BVKiinero MaccooSMeH) OKaabi- 
Baex onpejiejieHHoe B.xiiHHue 
Ha HHCJio Hycce.xbxa. B Hameai 
c.iynae CTauHOHapno-^lHcjj^jy- 
SHOHHoro npouecca npn no- 

CTOHHHOM B^iarOCOTiepyKaHHII 
Tejia (b OT.iHqiie ox cyruKii) 
c pocxo.M K. B oooomeHHoii 




y vij m2 \o.s3i 02? 


Pik'. 4. OopaooTKa onbiTiibi.x .lanuoiv 

ii.Meex Mecxo yBe.4imeHne i\u, 
aaBHCHMocxif MO>KHo 6 m,4o Gw vne 


BKMfonaex b ceos 


M 0 .KH 0 obiao ow ynecxb MaccooGMen, nojibayacb Ge 3 - 
pn3MepHb,M KOMiineK-coM Gu , ' . npe«.TO)KeHiiHM 

rx xMaHO.M. 3 xot napa.Merp. iiomhmo xeMnepaxypHoro Hanopa. 
BKMfonaex b ceos xeMnepaxypy ochobhoxo noxoica n 3 oomevi 
cayuae aoBO.ibHo noaHo xapaKxepiiBvex HeiisoxepMiiaecKoe iic- 
napenne paaaiiHHHx BemecxB. /Ua ‘ aanaoaxHMecKnx vciOBiiii 
H BaaaKHw.x KO.MnoHenxoB naporaBOBofi cMecii (r r const) 
B aocraxoHHO vabkom /ntanasone uBiieHeHna aoconioxHo'’n xeMne- 
pax\ pw const) Kpjixepnii K n Gu Moryx o^xb 06 a npii- 

6.iii3cenHO nneacTaB.,eH..i KOK ..to .laer npaso OTOpo- 

CliXb 0;inH MB HHX. 

h leopexnnecKnx pacMoxax .laMHHapnoro norpaniiHHoro c.ioa 
CO B.x\ BOM nepcB nopncxyjo noBepxnocxb iipiiHaro no.xbBOBaxbca 


naex npaBo oxGpo- 


napaMexpoM MaccooGMena Re^ . B naLuiix oiiwxax 

3xa BenuniiHa obuia nepcMeHHon Baonb Konxypa nH.xnHapa. Ee 
cpejHne SHaHeHna cocxaB.xann 

ff =.0,038; ''-0.052; 0,059. 

C^aBHCHHe noTiyneHHbix naMn aaBuciiMOCxeu Nu/|/'Re^ = 
= f (x) c onbixHbi.Mii KpiiBbiMii Z].»:oHCOHa n Xapxnexxa [19] no 
xenciooo.MeHy nopncxoro KpyroBoro minnHii,pa npii pasnoMep- 
HOM BjiYBC B03,xyxa oGnapyavHBaex. nxo .h.xh oztnHaKOBbix 3Ha- 
ncHiift napaxiexpa MaccooGMena ncnapenne >khb,kocxh r paaito 
BaMexnee B.xHaex na pacno.^oiKenne 3 xhx KpuBwx. 

■ ConocxaBoenne onwxHwx n pacnexubix ^anubix noKasbiBaex. 
nxo iieticxBHxe.ibHoe CHnaxenne K03(j)4)HUHeHxa xen.xooGMeHa 
BnamixeibHO oxnimaexca ox pacaexoB no xeopnn co bzivbom. 
Ennanne MaccooGMena b onwxax OKasa-xocb Gonee pesKiiM, neM 
npejiOKasbiBaeMoe xeopnen. rToBbiLueHnyio 3{|34)eKXHBnocxb no- 
pncxoro ox.xaaxiieHHa mo>kho o6x>acHHxb, c ojinott cxoponw. cne- 
UHfjjHKoii Hcnapenna Kane.xbuwx vKHAKOCxen hb nopiicxon cxen- 
KH, a c iipyrofi — B-xnanneM nepeMennon b xo,ae onwxoB cxpvK- 
xypoi'i xypGynenxHOcxii Bnenjuero xenenna. 

IlBBecxno, nxo cn.xbnoe HHxeHCH4)HU,Hpyioinee B03,xencxBne 
KaK na xen.xooG.Men, xax n na xiaccooGMeH onasbiBaex cxeneHb 
xypGy.xeuxHocxH ochobhoxo xenenna e. B onwxax rnjixa [18] 
ycxanoBneno, nxo n.ia nncxoro xen.nooGMena npn 8 = 7% cpe^nee 
HHc.xo Hycce.ibxa na nepeAnen noBepxHOCxn KpyroBoro uhahha- 
pa na 25 7o Bbime oGwano npuBOAHMoro b cnpaBonnon .xnxepa- 
xype. ripn sxo.m .na.MHnapnbiH xapaKxep xenenna b norpannqHO.M 
cAoe nonxH ne Hapymaexca. TypGyjiiiaauHa aaxparnBaex xoabko 
B epxHioK) nacxb CAoa, npimeraiomyio k Hapy>KHOH ero rpannue. 
B pesy.ibxaxe oG.xacxb nncxo MO.xeKy.xapHoro oGMena coKpama- 
exca, 34>cj5eKxHBHoe xen.xoBoe (ancjDcJjysHOHHoe) conpoxHB.ienHe 
yMenbuiaexca n npouecc xen.xooG.Mena (.MaccooGMena) Gyaex 
npoxeioxb Gojiee HHxencHBHo. 

I'lsBecxHO xannce, nxo iiHxeHCHc|)HUHpyioLnee BOSAencxBue 
xypGyjiH3au,HH xenenna npoaB.xaexca cH.xbnee c yBeAHMenneM 
Kpnxepna Penno.ibAca. B nainiix onwxax npn noBwmei-niH xcm- 
nepaxypw naoeraiomero noxona n = const oAncBpeMenno 
yMenbiua.xiicb Kan cxeneHb xypoy.xeHXHOCxn. xan ii hhcao Peii- 
Ho.xbAca (H3-3a Boapacxaniia BaoKocxii). 

OGa 3XH ([laKxopa, AeficxByiomHe Aono.xKHxe.xbno b oahv 
cxopony, oxqacxn npHBOAHAH k GojibiueMy. nexi xeopexiinecKHiL 
3(j)t|)eKxy nopncxoro ox.ia>KAeHiia. 

Ha ocHOBaHHH ycxanoBAenHoro A. B. JTwkobwm [8 — 11] cJiaK- 
xa sar.xyGAeHHa noBepxnocxn ncnapenna npn cyuiKe KanH.XAap- 
Honopiicxoro xe.xa noaBneinie mokac' BHeuiHeii noBepxnocxbio n 
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rpaififueii (|)a30Boro iiepexona cyxoii nopHcrott npocnoi'iKH {oco- 
oenno Ti.Ta Me.iKonopiiCTbix n.no.xo ren.ionpoBOAHbix MaTepna.noB ) 
npiiBOituT K BaitieTfiOMy CHH/Kemiio hutchchbhocth Ten.TOOOMe- 
Ma. Pe3y.ibTaTbi aHa.THTiiqecKoro itccxneTioBaHHH [8, 9] noKaabi- 
BaioT. MTO aa cMer aroro (jjaKTopa motkho no.nyMHTb cviuecTBeii- 
yMeHbuieHHe Nu (nopnaKa 10 — 40% npn 3ar.jiy6.neHii5ix 
Sam;. npHMemiTe.nbno k yc.ioBiiHM iiainux onbiTOB). 
C.ieixoBare.nbHo. ;tanHoe o6cTOBTe.nbCTBO MOKer oKaaaxbCB 
npeBa.-uipyioiuiiM u bo mhopom onpejie.iHeT raKJKe «aHOMajibHo» 
oo.Tbmyio 3cjDc})0KTiiBHocTb BopiicToro ox.ia/KjieHMH, inxivqeHHvto 
B onbixax II paooxax [6], 

Ana, 7MB MOKasbiBaox, mxo k03)(p(|)imiieH iw xen.ioooMeHa, ox- 
HeceHHbie k paauocxii xeMiiepaxyp VBe.TnqnBaioxca 

20 

c Boapacxairnew a — ^ , a npii oxnecentni k pasnocxit xe.Mne- 
paxyp (/« 4 !.t ) yxreHbiuaioxcH c yBe.iimeHHt'Ai x. Cvie^lOBa- 

XeJIbHO, KObcJicjiHUHeHT 3t, BXOAHmilH B BbipaTKeHiie KpHXepiifl Nu. 
flBJiHexcH no CBoeMy (piisnnecKOMy cmwc.xv KoachfbiiiiHeHxoNf 
/I - ' ' 

xen.ionepejiaqH k ! j 

JXah c.7yqaH ii.iockoh imacxnHbi A. B. JlbiKOBbiM non\qoHO 

Nu, - -p^ [/ { ] ~!,c erfc Z, j . 

r7;e Z^ oespasMepHtin nepeMennaH, npoiiopuMOHa.7bnaH Bejiii- 
ntine aamyS.^eniiH S, 

9 “ -^T 

orfcZj ==l ^ riZ,. 

V ^ J 


PA3BHTOE TVPByJIEHTHOE TEHEHME 
B nOrPAHHHHOM CJlOE 

I'l.MeiomHecH b nacxonmee Bpexia aKcnepnMeHxajibHbie Aan- 
Hbie no xen.io- n Macconepenocy b xypSyjienxnoM norpainmnoM i 

c.Toe iipn Hcnapenmi yKnjtKocxn ns KanHJi.nHpHonopHcxoro xe.na b 
noxoK narpexoro rasa xaione BecbMa orpaHnnenbi n bo mhoxom 
npoxHBopeMHBbi. JXo c!tx nop Hex ennuoro MHeunn o MexanHSxie 
nepeHoca xen.xa ii BemecxBa nepes norpaHnnHbin cjion n o Bsaii- 
MOB. 7 HHHHH nepeHocoB. 3 KciiepH MCHxajibHoe Hccjie/toBaHHe npo- 
uecca xen.io- n MaccoooMena npoBojin.nocb npn HcnapennH ‘l^ojibi f 

B xypfiy.ienxubiH norpaHimHbui c.ioil 113 n.socKon KepaMimecKon | 

^Ja^foxHo-^.nHHHcxoH njiacxMBbi npw rpaan^HXHOM oOxeKaniin ee 


narpexbi.M Bosa,>xo.M. B onbixax oKopocxb noxOKa Bosnyxa b pa- 
ooqeM cxBope aspoannaMiiqecKon xpyow nsMenH.nacb ox 2 ji,o 
50 .vfceK. Oiibixnoe xe.xo npe7i,craBaH.7o coooii ueJibHvio nopn- 
cxyio n.iacxHHy, BMonxiipoBanHyio b KopooKy. pasiieneniiyK) ne- 
peropoiiKaMn na 8 oxcenoB-KaMep (pnc. 5). Bepxiine Kpasi nepe- 
ropojioK BXo;in.7n b iionepeqHbie nasbi naacxnubi. ne npennx- 
cxByfl OoKOBOMy ;iBn>KeHHK) B.iarn qepes nopiicxyio cncxeMV. 



Pnc. 5. OrihiTiioe re.io: 

- K iniiyo u.nL-Kciimacom.iii; 2 - - Kopa.MimocKaH n-TacTHH.;; 
> - TopMonapa; 4 — iiiTyucp ;i.i« oToopa cxaTii^iecKoro .aaB-ae- 
iiin: ,/ — niTviup ;i.Ts noaBoa.a oxaawaaioinero arcuxa: 6 — 


KojinqecxBO Bo;i,bi, nocxynaBiuee b Ka>i<j.yio Kaxiepy, perncxpupo- 
Bajiocb npn noMomn qyscxBiixejibHbix bccob. BaKpenjieHHoe b ko- 
opilHHaxHHKe paSoqee xe.io Bbicxyna.no b noxoK na 3 — 4 mm Ha.n, 
cxeHKOH xpy6bi. 

K nepejiHeH KpoMKe nopncxoii n.xacxHHbi npHcoeAHHn.7CH na- 
xeKaxe.xb. Ero Ti.xnna noASnpa.Tacb onbixubiM nyxeM xaw, qxo6bi 
BCH iiopncxan noBepxHocxb 6bi.xa noKpbixa pasBuxbi.M xvp6y.7eHx- 
HbiM norpaHHMHbiM c.ToeM. ZI..7H noayqenHa rHa,poaHHaMHqecKOH 
KapxHHbi, cxojiHon c yc.xoBHBMH BHeuiHero oOxenaHHH n.nacxHHbi. 
nepe^ HaxeKaxe.xeM qepes me.Xb oxcacbiBa.icn Bos/iyx. 

rpa^tHenxHbiii xapanxep xeqeiniH Bno.xb njiacxnnbi cosjiaBa.i- 
CH npo(|)H.xHpoBaHHbiMn BCxaBKaMH Ha Bepxnefi cxenne nsMepn- 
xejibHoro cxBopa. 

B onbixax iisMepn.nHCb cKopocxb n xeMnepaxypa HaSeraio- 
mero noxona, cxenenb ero xypSy.nenxHocxn npn KaninoM xeitine- 
paxypHOM H CKOpocxHOM pen<HMax, xexmepaxypbi noBepxHocxii 
n.iacxHHbi (b 16 xonnax), SoKOBbix cxchok KopoSKn, BO^bi b KaHx- 
j,OH Kaitiepe. cxenoK pa6oqero cxBopa. HsMepH.nncb xaKJKe pac- 
xoA BOyibi qepes Ka^xnyio KaMepy. oSinnn pacxori qepes Bce 
onbixHoe xe.xo, cxaxuqecKiie riaB.xennH b aecnxn xoMKax no n.XHHe 
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:i.iacTHHbt, Te.Mnepaxype a CKopocTHbie no.iH b norpaHUMHO 
Ccioe. Ka>Kaoro (|)ifKCHpoBai!Horo mtc.ia PeftHOJib^ca 6 bKTi 

4 xeMneparypHbix pe>KHMa noxoKa b xpyoe: 50 , 70 . 100 h 130 ° C 
Unbixa.Mir oxBaqeH aaanaaoH qacea PeHHo.ib/i,ca ox 1,5 -10^ A 

4 , 5 - 10 '. napa.\!exp npoHHuae.Moc rn br ^ H 3 MeHH,ic 

B npeiie.iax 0 , 02 — 0 . 07 . Aaniibie, no.TyqenHbie b onwxax, naxoaH 
i<aK npaBnao, b pesyabxaxe ocpeaHenHH mecxHKpaxHbi: 
aaMepoB. AocxoBepHocxb aa.MepoB KOHxpoaiipoBa.iacb cpasHe 



Hue.M cvM.Mbi .lOKa.TbHbix pacxoaoB Ka^aoH Kaxiepbi c He.aaBficn- 
Mo HSMepHeiMbiM 061HH.M pacxoaojM aepe.a Aioaeab. 

Hcnapenne Boati c naacxnHbi npoHcxoan.no b vcaoBiiHx, 6aH3- 
Knx K aaHafiaxuqecKH.M. Bbian npHHHxw cneunaabHbie ’ Mepw 
ycxpaneHHH aynHcxcro xenaooSMena n.-]acxHHbi co cxenKa- 
MH aspoaHHaMHaecKOH xpy^fai. Bee /Ke xe.Mnepaxypa Hapv>KHOH 
noBepxHocxii npeBbimaaa xeMnepaxypy «MOKporo» xep.MOMexpa 
BHemnero xeaeHHH Ha 1 -M, 5 °C h npeBocxoan.ia xeMnepaxv- 
py HHw<HeH noBepxHocxH b cpeaneM na 0 , 5 ° C. 

AnaaHS no.nyqeHHbix b peavabxaxe onbixoB aoKaabiibix eean- 
HHH noxoKOB xen.na h Bemeexsk (puc. 6, 7 ) npii cjjHKCHpoBaHHbix 
napaxiexpax onwxoB nowaabiBaex MOHoxoHHoe yMeHbuieHHe a n 
B-/lo.nb noBepxHocxH naacxHHbi. aItih KajKaoro xeMnepaxypHoro 
pejKHxia HaS.nioaaexcH ciicxe.MaxuMec.Koe paccaoeHHe onuxHbix 
xoaeK. llpH 3XOM c pocxo.M L'oe KpHBbie pacnoaararoxca Bbiuie, 
coxpaHHH oco6eHHocxH CBoero xoaa. Opii =const KpuBbie, 
xapaKxepH3yK)in.He npouecc xenaooo.MeHa, pacnoaara./iHCb hh- ‘ 
>Ke, no .Aiepe BoapacxaHiiH xeMnepaxvpHoro iianopa. ASco.nioxKbie 
80 



BHaMeHHH (/,„B 2 — 2.0 paaa npeBocxoaii.iH oxeeqaiomne hm ne.iir- 
’^uiHbi </.. OooouieHii bie 'laBiicn.MOCTH iiMeiox Biia 

Nil,, 0,02 Re"’" A"- Nu,, ■- 0 016 Re,A'" : (3) 

Nu,„ ... 4.7 • 10-^ Re"’" 4.0 ■ 1 0“=' (4) 

OiibixHbie XOMKH xopomo oxBeqarax aaBHciiMocxHM. oxK.noHHncb 
OT HHX He 6 oaee nexi ± 4 %. 



HeaocxaxKOM BMnupnqecKHx ^opMya ( 3 , 4 ) HBaaexcH HeBoa- 
.\io>KHocxb noayqeHHH h 3 khx ypaBHeHHft aJiH «qHCToro» xenaoo6- 
Mena. Ero mo>kho ycxpaHHxb, Hcnoabayn oSmenpHHnxbiii oxho- 
CHxe.ibHbiH napaxiexp. npoHKuaeMOcxH b^. . 

B 3XOM c.xyqae noayqaexca 

= 0,036 Re^’^ ( 1 — = 0,03 Re‘'’^( 1 — b^f ' ' (5) 

(qepTOHKa noBepxy osHaqaex oepeaneHMe no a* 4 HHe naacxiiHbi). 
npi-i bj, = 0 npHXoaii.M K ypaBHCHHio Nu^ = 0,036 Re°'®, iioay- 
qeHHOMy na.Mn b caMOcxoHxeabHbix cneuHaabHbix onbixa.x c He- 
npoHHuae.MOH naacxnHOH xex jxe pasMepOB h mepoxoBaxocxn, 
qxo H npoHimaeMoe xeao. 
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3i\Cnfc!pHivi0HTa.TbHtiic A<5HHbie iis.McpeHHti no OcLiciHcy TenTbi 
!i BeinecTBa Ha CTeHKc npoBepajiHCb c noMOiubK") nHTerpa.ih- 
Horo cooTHOiueHHH sHepntH norpaHHHHoro c.ioh; 

dx 



0 /- — TO.imMHa norepn Ten..iocoAepH<aHi!H. 



( 6 ) 


CpaBHCHlie BeJIIlHHM K03(j3(J)HUHeHT0B TeilJIOOOMeHa no OOOHM 

cnocooaM BbiaBviHer pac.xoHCAeHne MejK^y hhmii nopniiKa 5 — 6%. 
npofJjH.iH SespasMepHbix CKopocren h nepena^iOB TeMneparyp 
B pasTiiiMHbix ceneHHflx norpaHunnoro ctioh npHBCiieHbi na 
puc. 8 B SaBUCHMOCTH OT 06o6meHHbIX KOOp/tHHaT y/o H y/o^ 
cooTBeTCTBCHHO. Bhaho, hto, 6yAyHH „CaMOnOA06HbIMH“, OHH 
He noATBepjKAaioT noAoSnsi Me>KAy coGoit CKopocxHbix h rew- 
nepaxypHbix (a xanace iiOAcqiixaHHbix no hum BHxajibnnftHbix) 
iioACH. 3HxaJibnHHHbie npotjjibiH OKasa.'incb Menee sanoAHeHHbiMii 
11 xo^ime AHHaMHnecKHX. 

Bbiine OT.Menajiocb, qro npn oahobpcmchho npoxeKaiomux 
npoueccax xenAOOOMeHa n MaccooGMewa cneAvex vMHXbiBaxb 
BAHHHHe Ha HMx.cxenenH xyp6y.in3au.HH raaoBoro noiroKa, oco- 
OeilHO B OHblTaX, FAe IIUTeUCUBHOCTb HCnapeHHH yKHAKOCXH H3 
CTCHKH H3MeimeTCH 3a cqex Harpeea cpeAbi. noaxoMy obi.io npo- 
neAeuo uoc.ieAOBaHiie BaBiiciiMocTH cxeneHii xypGv.ieHTHocTU 


BHeiuHero xeqeHiiH ox xeMnepaxypu n CKopocxii. nwibcamiu 
CKopocxii noxoKa B03Ayxa onpeAejiH.niicb xepMoaneMo.MexpoM 
KOHcxpyKUHH JleiiHHrpaACKoro noAHxexHiiqecKoro UHcxiixyxa 
[i4]. CxeMa axoro npHoopa paccuiixana Ha iiaMepeHiiH b naoxep- 
MiiqecKHx noxoKax. Bbi.ia paapaooxana MexoAHKa [15] liaxiepe- 
HHH cxeneHii xyp6y.ieHXHOCTH npn liaMeHeHiin xeMnepaxypui ra- 
3a nopuAKa I30°C.^Ai7iH axoro A.nnHa hhxh xepMOAaxqiiKa hoa- 
Giipa.iacb xaK, qxoobr ee paGoqee conpoxHB.xeHHe a.ih KaTXAon 
{pHKCHpoBaHHOH xeMnepaxypbi noxoKa ocxasa.iocb oahh.m h xeM 
Hce II paBHbiM paSoqeMy conpoxHB.ieHHio b «xo.iOAHbix» noxoKax. 

Peay.ibxaxbi aKcnepiiMeHxa.ibHoro ucc.ieAOBaHHn ooiiapyTKii- 
Baiox cHH>KeHHe cxeneHH xypoyAeuxuocxii c pocxoM xeMnepaxv- 
pbi B03AyujHoro noxoKa. Mo>kho npeAnoAo>Kiixb, qxo axo vMenb- 
meHHe nponcxoAiix H3-3a BospacxaiiHH bbskocxh cpeAbi npn ee 
HarpeBe. KaqecxBeHHoe noAxaepn^ACHHe axoMV Aa.a aHa.iiia 
cneKxpa qacxox. Macxoxubie xapaKxepiicxHKK noKasbisaiox 
yMenbuieHiie aGco.iiOTHbix sHaqenHH aMn.iHxyAbi nv.ibcamioH- 
Hbix cocxaB.iHiomHX CKopocTH c pocxoM xeAinepaxvpbi raaoBoro 
noxoKa. Ko.iHqecxBeHHoe HSMeHenne HHxeHcuBHocxH xen.ioo6.Me- 
Ha B saBHCHMocTH OX cxeneHH xypGv.ienxHOcxH noxona rasa 
MOAvHO OneHHXb OO XenAOBOH UIKaAe XypGVAeHXHOCXH .nOHUHH- 

CKoro -- mBa6a. Tax, nanpiiMep, npn Re„=120-10- naAeuiie 
B na 1 /o (b AnanasoHe 0^o%) npuBOAiix k CHHHceHino KpHxepHu 
rviu^ Ha 10 127o aah mapa, npiiqeM c pocxOM Re^ axa saBiicn- 

Mocxb npoHB.inexcH 6oAee saMexHO. 


i-iciicnii I Vfjuy.'ieHlHOCXH 00X0X3 

Ha HHxeHCHBHocxb coBAiecxHo HAymiix npoueccoB xen.io- h Aiac- 
cooGAiena n.iacxiiHbi, obiAH npoBeASHw onbixbi npn nocxonnHOH 
xeAinepaxype h cKopocxH BosAyxa, ho c H 3 .MeHHeM 0 H npn noAio- 
uiH nepeABH>KHoii cexKii cx.eneHbio xypGy.ieHXHocxn noxoKa b 
npeAe.Ta.x 1 - / /u. 06 pa 6 oxKa AanHbix noKasa.ia HeanaqHxe.ib- 
Hyio saBHCHAiocxb xen.io- h AiaccooGAieHa n.iacxHHbi ox cxenenii 
xypGy.ieHXHocxH noxoKa. Tax, HSMeneHiie e Ha 1 % npHBOAUX x 
H 3 MeHeHHio Nu, H Nu„, Ha 1 , 5 — 27 o. 3 xo BnoAHe saxoHOAiepHo, 
xax xax xoqxa nepe.xoAa .laMHHapHoro norpaHHUHoro c.ioh b 
xypOy.ieHXHbiH HaxoAHxcn He na nopncxofl noBepxHocxH, a Bne- 
peAH ee — na naxexaxe.ie. 

SaBHCHAiocxb cxeneHH xypGy.ieHXHocxn noxoxa ox ero cxo- 
pocxH H xeAinepaxypbi HA.iiocxpHpyexcH piic. 9. rpacjnixH noxa- 
sbiBaiOT, qxo c POCXOAI TeMnepaxvpbi cpeAu, xax >xe xax ii npn 
yBeAHueHiiH cxopocxH xeqeHiiH, cxenenb xypGy.ieHxnocxH chh- 
^'aexcH. B.iHHHHe xex >xe (paxxopoB Ha iisAieHeHne cxeneini xvp- 
ey.ieHxHocxH b saAieAieinibix h vcxopeHUbi.x narpexbix noxoxax 
oxpajxeHO Ha rpafjnixax puc. 10. 

Hcc.ieAOBanne bahhhhh npoAO.ibHoro (no.ioxiixe.ibnoro ii 
oxpHuaTe.ibHoro) rpaAiienxa AaB.ieHiiH Ha xen.io- n .MaccoooAieH 
npoBOAH.iocb B yc.ioBHHx .iHHeHHoro xapaxxepa iisAieHemiH cxo- 
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peerff BfieuiHero jjeTOKa. Sna^emie npOAe.nBBore fpaAJieJiTa ;iac- 
neuHHg ifccjie^oBaHHoro b OJiHTax, mojkct 6htb oxapaKTepH3Q- 
;Baao aapawerpa Bypa aopaaKa 0,017. 

CpaBHH-reahHwfi anai^Hs noJiyqeHHHx KpHrepHaji&Kux ypai5- 
h^hmA c. cooTBercTByiomHMH saBMCHMoerJiMH a.ia OesrpaAHenT- 
Horo 56TeKaHH^ aoKasan, wto npMMeHHre.aBHo k paccMarpHBae- 
M6I!VI yCJIOBUJJlM ljCCJI67l6BaHHi36 nOJJOKHTa/JBH'bie OTpHIfaTeTIfe- 

ft6ie rpa.’^HQUTBi itaBaesag Be3HagBTe.7biig CKar^bjBaiOTCfl 21 a «n- 



Pile. 9. B.iHHJi0e TeMnepaTvphi n epej,ij 
pocTn naOeraioiuero noioKa iia 113 ? 
ero cTeneini t\ poy.ienTnocTH: 


v,M/ceK 

4D 

30 

rf 

20 

1 


-25V 

10 

-K-70V 

0 

—were 




O^as dS 1 1,5 2 2JS 1 1.5 2 2.5 J 3.5 £,% 

Piif. Ifl. HsMeiitiUHt* cTenemi Typ6\vei4T!if>cTB iig .i.itiiio n.iseTiiUjsf 
npH no^ioiKiiTeoTiiHOM rpaa-weiiT© .laB.ieMUfi; 

- .-I'NOHao I f.v=10 .is,ol; r, V, (* = igTi xj,); ,< PovenOo 


0 aiianasone siaMeueHas oejioBHfeix napaMerpes, npn^fepiiQ tu- 
/;OM KaK 21 B Ha^DHX OUHTaX. 

Bu 30 HafueHO, ^TO BenHBBffa MSMeH^eTC^ npenopua©* 

jia.iBHo JuKOe, ^BQO npeyBevTHueflHoe SHa^ejoce floKasaTe-n^r 

CTeneni! o6i>ncH5ieTc;i cneaMtpijqecKHMii vctiobh^mh npoBeaesHBoe 
onhiTOB, 1! B yacTHgcTii CMeiuanuBiM xapaicrepow a sq- 

rpanHwoM eaoe{161. 

B o6iiieM >Ke B.nifiiffne MaeGoo6^^e]Ia na Ten.ioo6MeH a yejiQ- 
Biiiix 'ryp6y.ieiiTHoro norpaHiiijBOro jon>KKO c^naSee. 
?eM naMiiuapHoro. Haiujf enHxw iJOArjsep>KaaiOT stq noc30- 

J1 H T ep aryp a 

0 3 ^ a » n © B Bo. A. Teopna ten.iQ- ij jiaccOne^enoca. 

2 . Typ 6 y.ieHrnott TeMeniie it TeTijionepeaa>ia. M.H, 1963 . 

]9"S^ ■! RiaccooGMen b npoueceax Mcnapemifl^. AH CCC'P, 

4 . 51 k 06 . QchOOi.i Tennonepe;i.a'iH. H/I. 1959 . 

5. 0-taopuB B. M. H02K;. A'e 1. 1964. 

- B'i^^eMRo II Ap. TenjioaHepreTMKa. 1 u a. 1961. 

/. .Mesiiw B. r. OasHKO-.MiMimecKaH rMflpoaMHaMiiKa. <t>ii 3 ?a;iTrii 3 , 1959. 
V 1^ 196‘^^"^ ^ ^ Teneifi- ii Maccoo6MeH 13 npouecca.R iicnapeniiir. 

9. Luikftv A. \'. Heal and Mass Transfer tt-ilft Irairsniration coolin*'-. 
J. Heat Mass Transfer, 6, 1963. 

10. . i hi K o B \. B. leimo- 11 caaccoooaieii b npoueccai? otukii rocenenro- 

ii.saaT, 1956. ■ ‘ 

riTH ^ nepeBQca b sanHniiapnonopiicTi.i.x re.iax. 

12. C M o n b c i< II ft B. .M. BHeuuHiift -feniiq- n MsccoooMeii n npoiiecca\ 
KOHBeKTiiiiHori cviiiKH. .MiiHCR. Hafl. BeoirocyijHgepciiTeTa, 1957. 

13. <I> e a o p y rs B. H., LU >-..,3 b m a m 3. H. HpiiMeHeHiie nflniiCThis nnomi- 
iiae.Mi.i.x Marepiianos n.in ?KciiepnMenTa.-ibMoro iisvieaiis len^io-' n -naccooSMO- 
na. H<t)>K. .Ve 2. 1961. 

14. CoiiiipHos f. B. Tpy^ibi »inw. ^9 217 , igg], 

io. .4 e |i (» B B. E.. Oeaopos 5. H. Mauaepeiiufl TvpfiraeiiTHhiv iieii.vi- 
ToyiMimecKiix hOtokob. J'p. /IHM. A"? 230. 1 964 

1 6. .1 M KO B B.. m y b M a H 3. n. WO?K. As 3. 1964. 

17. C a M o 3 B a H 11 , e IS M. H, TennoaiiepreyMna. A® g. 1956. 

15. Giedt Effaef of turbuldnci level af ifleident iir si ream ,I o? A'^ro 
Sei.. IS, 1951. 

^ J2.1 afi s. V'.; Hyrrpi§ei I. P. Transaeli^fis @f AS.Me. 


ietjOiiBHOCTu ticnapeSH.^. Hc&?ie2;ogaHHfl Tep^?nqeeJ?offt rtoppa- 
MHMHoro cnosi Ta1<5Ke noKasanii caaOoe BcijtflHne npOA©2ibH©TO 
ppaAneHra AaeneHMH tia npo4)H7iM Tewneparyp (3HTa,4bnHH} . 

McnapeHne boaw h 3 nnacxHHM g TvpSv^ieMTHbiM ftorpaMtjq- 
lihifi c.Tou 6bino 3KcnepiiMeiiTanBMO tiGCrieoppaHp g pagdre [6] 
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B. K. mnTHl-UvOB 

TEnJlOOBMtH TEJI PASJIH^HOU <l>OPMSl 

c TyPByjxEHTMbiM noTOKok B03;iyxA 

Bi>ie0KHe TeMrrtr passHTii^ hoboA TexRHKw m RepeAOBofi fe.x- 
ji0.nornif np^AnoTiaraiOT Heo6xoAMMoCTt) coBepuIeHCTBOBaHH5^ 

TejjJiOBbix npoReccpB, npoxeKaiowHX bo MHonix TexHH^eciatx 

^crpoftcTBax. Tpe6yiOT r7ry6oKoro If BcecTopoHHero hx HSv^eHHfi 

^ eeasH c STffM oeo6o Ba>fCHoA craHoEHTca sa^awa HHTeHcucbHxa- 
AHH npoitecea frepenoca Tenjra b pasjiKMHoro poaa Tenjioofi- 
Mepnx annaparax ft ycTpoAcrrBax, npH^enne-wbix b ooBpeMeif- 
IIOH npOMBIUTBeKHOCTH, 

KoHBeKTHBHWfi TenjlOOO.MeH MO>KRO RHTeHCHtjDMAHpOBaTfe !ie 
jo.ibKo sa etfST noBbrcEieHKa TeMneparypiioro nepena^a, ho h bbt- 
oopoM oapeae^eHHoro run a rRApoanHaMimeeKoro BSaiiMoAeficr- 
SH» T^^a e noTOKOM, t. e. eocTBercTByiomeM tcoHcburypauHH 
^enjTOoeMOHHOff noBPpx'HOCTn. noc/ieAHef» npeacTaBeiaeT ksk npaK- 
.KqecKHfi, TaK M ToopeTHttecKH fi BHTepec Ana npoueceoB xiiMHHe- 
CKOA TexHo.iorHH, 3HepreTHKK. cywnjibrroA toxbhkh. jepMwqecKoff 
<o6paooTKH MaTepnaROB h ap. 

B Meraji.iyprfiHeCKoA npoMbruj/ienHceTH’ 50 chx nop ifc onoe- 
Aejiefibi HaHTiyMTune (Jtopwbt nacaaoK pereHeparopos tloMeKH 
AaKHx HOBbix onrHwavibHbrx ^lopM Hacaaox. ^KowoMH^Hbi^ no 
(.TOHMoOTH npoirsBoacTBa if atpcjjeKiHBHbix no ten/ioo6MeHv npo- 
ilO*^>Ka^gTGH H 6 HacTonmee Bpewn. ' ’ ^ 

He wesee ean^HbiM npaitTifKM JTe.rigeTCn apyraa eropoHa 
wCGpieAoBaHnn. ^ ^ 

^ CyiueCTByioiuee MHQroo6pa3He reoMeTpHHeexHx (bopw Ten^O- 
ooweHHbix 3^e^^eHTOB» «eno.rrb3yeMb]s n pa^e OT^pacjieft TexHHKH 
co^aaer ^HaqHTeJibS&ie laTpyaHeHna npj^ aHa^HTHHecivHx paeqe- 
Tax npouecea renc^ooSweHa. 3 th tpvahoctm OTqaerii oSvejioBjie- 
Hi>i Heo5xoiiH.AioeTbK) yqiiTbtBaTb BcTH^HHe (?DopMbi Ten,noo6.AieH- 
HBLX sjieMenTOB Ha npoiiecc. Qq^Hb qaero. nanpuMep, ajih hh- 
/KenepHbix pacqeTog apBiieccoB eyiUKii 11 repMiiqecKofl oSpaeoTKit 
Heo6xopaio anaHMe h 8Q3Mo>K-HOfeTb cpasHeHn^ Ko^cjDitmHeHTOB 
fen,-ioooaiens ve.i pa.t.isqMon cfioprdbi c KbiHxoK^AeHMbm hotokom 
raaa. UaxiiKo nMeioiitbUcH b .laTepaTYpe ooiuHpftbiS .MarepHai 


no onbiTHO.Mv onpe^feneniiio KOHBeKTHBHoro Ten.ioooMeHa tc 1 
iipoiiBBO/ibHOH qjop.Mb] HocHT paaposHeHH biH xapaKxep n ?pv;iHO 
noaiiaerfH onoouteHtiK) iio-aa iiH7iiiBn;tva.qbHbix ocooenaocTeii 
3KcnepiiMenTa. 

HaAOKHbie Ko.iHqecTBenHbie cooTHomemtM, Koropwe iioiboih- 
ait Obl nOACqUTWBaTb 11 CpaBHHBaTb .Me>KilV COGOtt KOHBeKTaBit&lfi 
ren.aooS.MeH pas.iiiqHbix xea. Moryr 6biT‘b nonvqenbi amufe ns 
OiibiTOB, npoBe.aeHHbix no ojihom Mexo;iHKe n n'pn OAnnaKOBbix 
xepjviHqech'Hx ruApoiiHHaMMqecKMx vcaoBHHX. 

PaSoTH no HenoepeACTBeHiiowy H^yqeHiitg pacGMaxpuBaeMon 
^aAa'^Ji noJiBiunuCb .mwb © noe.qenuHe roAbi. B^e ohh b ochobhom 
^ apaKxepHSyiox eoBMeexHo npox&KaioxuMfi npoiieec xenAo- n 
MaceooSMSHa M Bbmo^iHeHbi npai e>THocnxe.TbHo HeSoJibujHx snaqo- 
j^TMax qRCTia PeAHoabAci. OnySjiHKOBaMHbrx pa^ox, nocBHUien- 
Hbix Hee.qeA08aHHHM KOMeeKnieHOro xenjioo^weHa xeji paB.iiiq- 
HOii KOA4)jirypauHH. iiex, h, ecxeCTBeHMO. BOSHHKaer H&o6xoan- 
Mooxb 8 Hx noeraiioeKa h cooTBeTeiByromeM 3 xhx 

pesyBbjaxoB. 

B AaHHoff pa^ore 9KcfiepHMeHxa<nbao MecBesoean KOMeeK- 
‘TflEBblff TefiJlOoeMeH lUapa, AHJIHHApa. KOHvea. flliCKa. f1„lHTbl o 
njiacTawbi. Hsyqeaa raofe saB^fCHMocxb xencHooeMeHa ox opueii- 
jauHH reji B noxoKe BosAyxa. OnBUbi npOBeAetibi npit OAnnaKo- 
Bbix xenBOBbix « rHApoAMHaMUqecKHX ycjiOBBax s MgHoo.iee 
MHxepecHOM A^a lexHMqeeKHx opUMeBeHMA AHanaaone qnee-T Peti- 
«o.ibAea or 10^ ao J,P*J0«. Cxeneaf, Typ6y.xeHTHoexM Ha6eraio°- 
tuero noTOKa coexaBAH/ia 2,4%. 

C xeM qxo6bi ycxaHoBjfXb AexajibHyjo BapiHHy xen/iOBux ffo- 
x6Kog Ha pasAHqHbix yqacxKas AoeepxHocTH xana h oeo6enH® 

B KopMOBofi o6j!acTM, 6buiH npoBeAGHt^ Ten.rioAH3HqeGKHe onbi- 
ry no nsyqeHHKD /lOKa.nbworo xeHTioooMeHa xMnaHHOro jecia se- 
yAOpooOTOKaeMoS ^opMw (KpyroBoA ahahhap) - 

OSpaooTKa sKCnepnMeHTaabMbix aawHbix noSBOBHBa noAv- 
hstIj KpHTepHaabHbie ypaBHeBun cyMMapworo Ten.nooSMeHa aecg- 
Ta onuxHbix xejT c BosAyujHbiM noroxoM. AnajiHS peavBbxaxoB 
SKCnepHMeHxa Aa/i BosMoxiHoCTb CAcaait xaKjHe paa KaqecxBen- 
Hbix saicAioqeHHfi o B.aHRHHU (Jjopwbi noBepxBocxH i-ia npouece 
j<oHBeKTHBnoj'o TenaooSMGHa. B gacTHOCTH, paec&ioTpeH ionpoe 

O B03M0>KH0CTM ^a<^K>qeBff3 (JtaKTOpa (|)OpMH H3 pacqexHbfx co- 
©THomeHHfi nyxeM MCiroBbsoBaHHA B KparepHav noAoews eauHO- 
re onpeae^nBiomere pasaiepa. 

noAvHeHHfcie c6o6m.eHHb!e saBHejiMoern no^BOJiaioT npn sa- 
AaHHbix ycAOBHBx TenAoo6MeAa noAo6paTb HaB^o.nae &aunQ« 
HaAbHVio (fiopMv TenAoo6MeHHoft uoBepXHOOm 

Kpoiae loro. ycraHOETieHHHe HH>Ke KpurepHa^&Hbre vpaBHe- 
HHH Moryx 6HTb nonoyiceHtj B oCAOBy BpB6AJizKeHJibix Ten.qoBbir. 
pacqexoB ren.ioo^AieAHbix n©BepoXMoeTeii j^ox.ioB^ pefeH^paTOpoB 
repiaijqeQKMX nenefi h x. jj. - s' y rwu- 
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AIETO^MKA H TEXfiHKA 
3 KCnEPHMEHTAJlbHOrO H C C J1 E40 BA H 

cpeAHHx 3HaHLeHHfi if034,c|jnuHeHTa TenaooS- 

nccne^OBaHHe Teaaoo6.MeHa Te,T pat 
t X B^a3po.,HHaMHwecKO» rpyoe aaC- 

do ’ P^ooqeit qacTM ipy^w K8a;ipaTH0e 

^ CTa6ii.iH3aaH« noroKa a pa6oMeM creope ocviuecxB^HJK 

cooTBercTBeHtfo noAoSpaHHbix ?eTOK. ' HepOBioM^S 

hoctb nojiH. ocpsjiHeH'Hbrx CKopocTefi b ueHTm TKunfi ^ 

np^^^rj^rrr-rsr s’/ 

GKOpocTH fta ocif Te^ieHHa. ® ' 

peryJOtpOBa^aCb C HOMOlUbtO CMCTeaiW ^a- 

^H>KeK H onpeaejiajiacb KOM6HHiipoBafiHoS Tpv^Koft nif-rn 

^ MiiKpoMaHOMeipoM TMna MMH K.iac- 

CrerreHb Typ6yjreHTHoaTB l/i/s/ir 
oiipeae.x^^acb no Ten^ioeofi ujKajie uiapa^vpSxViin'i^Tpa 

cyMMapuyio renjiooT^aqy Harperofo rena co^cTeneiibio 
PeftHo^biica. SaBncncttocTb . or tLm- 
njpaTypbi naxoflH£iacb weiOiroM HSMepgHHH a.iiiHbi TemoBoro 
S ® ’T‘ npQTBTKeHHOCTb CnVTHOli* CTpvii 

Bosflyx* B S^poflKHaMHqecKoft rpyoe narpeaa ic-H RnrKMn^o,- 

KO™nm MOlUHOCTbK) 88 h'eT. Tpii ceKUliU 

sa^iaHHoS rectmepaTVPbi noroKa 
iOSay.xa B Tpy 6 e 6 bijia b iipe^ejiax ±0 1 ° C ^ noroKa 

0 »3rOTOBj,5T.XHeE. H3 ’^liCTOBOH aiejlM TO.imuHOn 

!r reoMexpuHeCKiie paswepbi mx, npuBeaeMBbie Hii>Ke ox 
^^Po^MwaMnnecKoro ^Ke^epII^feHxa o Ao^^•- 
% Tpye« 

— anaMeTp 0.12 a. 

UiwiHHAP — ^MaMexp 0,07 m. BbieOxa 0,17 ,, 

Jf^oHyc — WaMeTp ocBOHawMH O.ISa, bwpotS 
0, IS 4t. 

^hCk MaMexp 0.144 jn, Bbicoxa 0.027 1; 

usiara — o&mm paSMephi O.iGxO.lNcO 025 • 
liagCTBHa — oeorpeeaeaiaa itansa 0,16 m, naiHaa 
flflhHa 0,4 M, ujKpsHa 0,5 
mnKa 0.025 m. . . i-w. 

(pHG. I) B laBHCMMOCTK OT HX KOKlba- 


^ jiae^ep.neuBbiMH 6TBepQT^f^1^^H aHa?tie^- 

pOM- 0.0005 M. Cnjjpajib HJIH pemexKa e rpex wecrax coeasH^- 
ciacb p TpySKon jxafi QX4a>KAaiouJLefi ‘atHBRoexH. B KaMeere^ 
0 xAaAHT& 3 H Hcno.-ib 30 Ba.xacb aHOTHji.xMpOBaHHan BOfla. RoxgpaH 
iJ 3 pesepByapa noexynaaa B ‘^osayxooxaanMxg.xb, aaaee Mepea no.5- 
noa^myio xpyQRy g ennpaab h.xh peiuexKy ii, Sbixoaa Mepes ox- 
OepcTMe 8 Httx. pagHocaepHo oMbiBaaa BHyxpenHKiFQ noBepxHocTb 



Pne. 1. Cxena ycxpoftcxsa onbixHoro 


onbixHoro xe.xa. Ha noaocxH onbixHoro Tejia Boaa BbixoaH.xa ne- 
pea oxBoanmyio xprOny b ox.aaaHxe.xb 11 aaxeM b MepHbifi cocya 
HeoSxoauMbifi a.xH noaaepacaHnn HeHaMeHHofi xeMnepaxy-pbi 
noBepxHocxH onuxHoro xe.xa pacxoa Boabi vcxanaBaHsaacH c no- 
MoiubK) Hroabnaxoro BenxH.XH h saMepnacH BecoBbiM cnocoooM 
Tewnepaxypa cxeHKii leaa HaMepaaacb 12—14 Meab-KOH- 
cxanxaHOBbiMH xepMonapaMH. saaeaaHHbiMH b cxeHKy sanoa- 
.iimo c HapyavTOfi noBepxHocxbio, xeMnepaxypa oxaajKaaiomefi 
BOAbi — xepMonapaMH, ycxaHOB.xeHHbiMH BHyxpw noaBoanmen 11 
oxBoanmefl xpyOoK. 3 deKxpoaEHa<ymaH cH.xa xepMonap HSMepn- 
aacb noxenuHOMexpoM nMC-48 c cooxBexcxBeHHo noaoSpaHHbi- 
CBOHM xapaKxepHcxHKaM raabBaHoiflexpaMH xnna 

r3C-47 H rMn. 

Moaeab nowemaaacb b paSonyio qacxb aapoaHHaMHnecKofi 
xpy 6 bi Ha aocxaxoHHo a<ecxKOH xpygqaxon Ookoboh aepacaBKe hs 
cxa^iH c BHeuiHHca ananexpoM 0,013 m h yaepacHBaaacb b noxone 
cneunanbHbiM RoopanHaxHHKOM. Hoaan aep>KaBKa caya<Haa oa- 
HOBpeMeHHo BbiBoao^i jidij xepsJonap h xpvooK c oxaajKaaioiiieH 
BOaOH. ' 
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npoii3Ho;tn.iJiCb npn cinuHOHapubix ren.-ioBOM v 
rwpoaifh-a.MHMecKOM vc.iobhhx onuTOB. Pe>RnM c^^ITa.^CH xct' - 
HOBHBmHMCH. Korja 5-6 noc.-ie;toBaTe,-.bHb>x UBA.epeBn.l lasa ih 
ycToijuiiBbie noKaBaiiiiH. ^ .-wbb.ih 

Te.MnepaTvpa BOB^yxa b aBpo/iHiia.MiiqecKon Tpv6e Banbiino- 
a CKOPOCTB 

-,o ao 18 TeMneparypa noBepxHocTii iiCL-.ieaveMoro yeia 

noCTOaHHOii TpfZlact 

3na>ieHiie lioaijxtiMuiieHTa KOHseKTUBHoro leaaoooMe- 
Ha onpeae.iH.nofb no (jjopxry.ie x i.iuooiie 

KoaHMecTBO Ten.ia, nocnpuHiiMaeMoe tomom- 

f-nOBepxHocTb Te.,a; 

no?oKa reMneparypu naoeraiomero 

noTOka Bosiiyxa n CTeHkii onuTHoro Te.aa; 

--/ax). - (2) 

ox7ia>Kaaiomen boabi. npomeTimen tfepes 
onuTHoe Te./io sa epewH aiccnepHMeiiTa t; l/h / . — TeMnena 

Ipii noiimeTe no HSBecTiion 4)op.Mv.Te Crecbana Bonhir 

Mana BennnHHa cTenenn nepnoTbr npmtHManacb ^pannon 0 69 
H3Mepn.iacb TeMnepaxvpa BHvxpeHHen no- 
Bep\m)cjii paoonero cxBopa aspoanHaMHMecKoii xpvoL 

OooomeHHe pesy.ibxaxoB onnixoB ripoBo;iH.xocb Mexonavin 
reopHH no;to6nH ncxoTtn hb A.arextaxnnecLro onHcL.trnpoue”‘ 
ca B BHTie n.BBecxHbix ;inc|)4)epeHUHa.xbHb,x ypaB.teHHil ^ 

V, grati / :r.-: a V"/; 


r> (V grad ) V -- grad P — V; 


I paHHnHbie ycnoBiiH; 


Ko = 0; I/- V^^-(A'); 

A (grad + a (tf — ) = o, 

KpnTepnajibHbie saBiiciiMocTu iiojiyqeHH b o 


Nu =CRe'y 


yneHH B oobniHofi cf)opMe: 


B KanecxBe onpeae/miomen xeMnepaxyphi. no Koxopoii onpe- 
Be.XiimiHbl. BXOUHlUIie B Kpnxepitii luvio- 
OHH npnnn.Ma.xacb xeAinepaxypa Haoeraiomero tioxoKa BO^jvxa 
onpe/te.xaiomHH .xiineftHbiii pasAiep npnHHMa.xncb xapan- 

TOky, o 6 pa 3 \ioiJuaH. B noc.xe^iyioiueM npeanpHHHxiaexcH nonbixKa 
odoSmiixb no.xvMeiiHbie ;iaHHbie no xennoooMenv paa.ximHbix xei 
Ho?o pa^Mepa''^'^''^"”'' ® Kpnxepnn noaoenn eauHoro xapaKxep- 

JiOKajTbHbix K03<|j(|,MUHeH xob xenjioodivieHa. 

<^>-3viieHlie OO OCOSeHHOCXnx II (|DH3MHeCKHX aaKOHO- 
AiepHOCxHx KOHBeKXHBHoro xen.xoooMena xe.x paanumtoH KOHtbn- 
rypauHH .mo^kho noaymixb .xiiujb Ha ocHOBe xinaxe.xbiio npoBeneit- 
” BcecxopoHHero ana.iHsa I'H/ipojiHHaMHqecKOM i, 
xen.xoBoii KapxitHbi npouecca. B nepBVKi OMepe^b yxv KapxHHv 
Ba>K„0 VCTaHOBHTb Jl.l« Te.H. o6TeKae„b,x C OTpbIBOM, T e ™."h 
xe.x xakoro runa, Koxojbie npiiHHXbi b ,aaHHo.M Hcc.xe/roBaHHH. 

lipH oxpbiBHOiM oSxeKaHiiji BHamixeabHan nacxb KopMOBoii 
noBepxnocTH re.ia naxoanTca b 30 ,, e Bn.xpeBoro o6,MeHa 06 ^- 
B^peay.xbxaxe oxjie.ieHHH norpaHunnoro c.xoh ox cxLi- 
KH. len.xoooAieH xe.xa. ooxekaeMoro c oxpbiBOM, b aHaniixeabHoii 
cxeneHH onpeaeanexcH oco6eHHocxH.Mii xenennH b kopMOBoii o6- 
npoueccbi nepenoca xen.ia jio cnx nop .Ma^o iiayMeHbi 
PasMepbi 3ron oo.xacxn n xapakxep jiBH>KeHHH cpejibi b neii xa- 
BHCHX He xo.xbKo OX KOH(j)HrypauHH xe.na u ero opHeuxauHii b no- 
xoke, HO xaKjKe ii ox vcjiobhh onbixa (paBHOMepnocxb no.xH 
ocpenHeHHbix CKopocxen Haoeraiomero noxoKa ii vpoBeHb eroxvD- 
dy.xeHXHocxH, orpaHHneHnocxb noxoka h oco6eHHocxH KOHCxp\i 
yacxH 3 spoaHHa M HHecKOH xpySbi, pacno.xo>KeHHe 
ACp/KaBOK H TiP-)- 

MsnoKeHHbie b niirepaxype HeMHoroqHc.neHHbie skcnepHMen- 
xa.xbHbie pa 6 oxbi, nocBnmeHHbie iisynenHio Kop.MOBOH soHbi 
B ochobho.m ocBemaiox H3oxep.MHqecKoe jiBHJkeHHe HeoKHMaeMO- 
ro rasa. HanpH.viep, b paooxe Jl. A. ByjiHca h C. PI. HcaxaeBa fll 
BbiHB.xenbi pas.Mepbi (ii.xHHa ii inupHna) uhpkv.tihhhohhoh soiki 
B saBHCHMocxH OX ^lopMbi xe.xa. C. M. namrioB [2] no pacnno- 
cxpaneKHK) .xerkoii HHopcmnon npHMecH iiccjieflOBa.x xapakxep 
UHpKy.XHUHOHHOrO dBHmeHHH Bosjiyxa B KOpiMOBOH oo.xacxH 3 a 
non^enno ooxekae.Mbi.M npyroBbiM u,HJiHH.HpOiM. 

AHaKo^ B odeiix padoxax ne HCCbiejioBa.TicH xen.xoodMeH 
B kopMOBOH oo iacxH. nosxoMy MX pesyjibxaxbi H 3 - 3 a hh;ihbh- 
Hya.xbHbix ocodeHHOcxen xioryx 6bixb Hcno.XbsoBanbi .xHuib njin 
KaqecxBeHHbix ouenoK npouecca. 

5I..7IH anajiusa h cpaBHeHiiH xen.xood.xiena paa.ximHbix xe.x OKa- 
sa.xocb HeooxouHMbiM HsyHHXb B xex >Ke ycjiobhhx onbixoB xa- 
pakxep .lOkajibHoro xen.xoo6MeHa b Kop.MdBofi nacxH HaH6ojiee 
xHnimHoro xe.xa n.xoxo o6xeKae.MOH tjjopxMbi 
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Moae.nii 6bi.T Bbiopan un.iiiHzip KpvroBoro ceqe- 
hhh. JaHHbie o pacnpeaenetimf ren.iOBbix botokob na noBepxHo- 
CTH UH.-IHHapa. a TaKTKe BblBOabl, Ha HHX OCHOBaHHbTnMeZ 
BecbMa OOIUHH xapaKTep h .\ior>T 6biTb OTnecenbi ko BceM Te.^a^^ 
naoxo ooTeKae.MOH ijiopMbi. 

Jlna Hcc.ieiiOBaHHH npouecca Ten.noooMeHa na noBepxHocTM 
unaiiH;ipa 6bi.i npuMeneH AieroTi F. H. Kpv>KH.nHHa ii B. A UlBa- 
oa [3], MeTo;i ocHOBaH Ha BbiMiicMeHim KOBcfifjHjuHeHTa Tenjioo6- 
Mena a no pacnpejieaeHHfo TeMneparypu b TBepzioH ctchkc no- 
-loro ooreKaeMoro reaa npH 3a;iaHHbix h Hs.MepneMbix b ontirax 
cxauHOHapHbix Te.MneparypHbix ycaoBiinx na ero rpaHHue 

TeMneparypHoe no.ne BHyrpii TBepaoro reaa motkho onpeiie- 
aiiTb n>TeM pemeHim ypaBHenriH JIan.iaca. aanjicb Koroporo 
n.iocKoii Baziann b unaiiHapHnecKiix KoopjHiHarax HMeer bh^ 


npjiHiiMaioTcn rpaHHHHbie yCvTOBirn: 

t =.t I const npii /• /-j; 

t = L(Q) npn r = r.. 

06mn.M iiHTerpa-TOM vpiiBHeHHa (6) Svjsct cv.MMa 6eCKOHe.i- 
Hoio niic.ia nacTHbix ero HHTerpa./TOB, t. e. 

t ~ (Cl -f- C .2 0) (C-i -f- Cl In r) (.4,, cos // 0 -y 


-j- sin /? 0) (C„/'^' ~ /■"). 


“SiUKii Hiirerpa.i rpanimubiM vcaoBiiaM ii vmiTbi- 
Baa cBcicTBa UHK,MMHOcnf H cHMMeTpm, pacnpeaeaeHHB VeMnt 
parjp oTHOCHTeabHo HanF.aB,ieHHH noTOba, HaxojHM okoh™- 
leobHoe Bbipa>KeHHe TeMneparypHoro nona b unnifHiipe: 


/ ^ _L (yield 




2 ( 0 ) cos // 0 d 0 cos n 0 f 


noBepCc™ Ten.,ooe.veHa 

a( 0 ^.. V dr }r=r,. . 

hm-h ^ 

i.iH iioc.ie iiciiojibsoBaHita Bbipa>KeHiiH (9) 

2 (0) r ~~ Qq 


S , a„ cos n 0 n 


l rt~rt j 


W ao Ii a„ rapMOHnnecKHe K03(})^HUHeHTu pa3^o>KeHH5i kdii- 

«-HOMepa ^apMo^K 

.nicS'H’ycceZTaT'"’'' " “ecTHoro sHa^eHna 


'■.0 r ^-g, 

■(-fcf)]. 


r^ie 0 \ ro.?i (b AyroBofl wepe) MejK^y pajiHvcoM iiaHHofi Tnnk-ii 

BHemHefi noBepxHocTH h HanpL^eHnL noTOKa^ 0 r! h r 
BHy-TpeHHHH, BHeillHlifl H TeKymHH pa^liycbl UtWHHjipa- — 

’ ^2(0)— SKcnepH.vieHTajibHO HafliieHHaH na BHeuiHen 
noBepxHocTH UHJiHHApa TeMneparypHan KpHsaa, saBHCHiuaji ot 
xapaKTepa BHeuiHero oBTeK'aHHa iSara^ipa; h T- S*n- 
cpla™ MaTepnaaa UHjiiiHapa n BHeumefl 

Ha.ioJKeHHbiH Mexo^i HaxoTK^eHHH KosAcbHUHeHTa xenjinon- 
MCHa noBepxHocTH nonepenno oSreKaeMoro UHjiHHflpa HBxneTCH 
nony3KcnepHMeHTa.iibHbiM. HpH stom na SKcnepHMeHx BoLxara 
excH cpaBHHxenbHo npocxan aa^aqa nojiyneHun KpHBofl HSMene- 
-«hb xe.Mnepaxyp Ha BHeiUHen noBepxHocxH npn vcjiobhh nxo „n 
BHyxpeHHeH noBepxHocxH nenpepbiBHo iteftcxByromHM hcxowhh- 
ko.m xennoxbi noa;iep7KHBaexc5i BHaneHHe z^i^const 
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K oribiTiibiAj Te.iaM npe/x'bHB.iHeTCH rpeOoBanne, mtoow creiiKn 
Hx o6jia;iajiH anaqHTejibiibiM renjioBbiM conpoTHB.ieHiteM (ne- 
Ten.nonpoBonHbiii MarepHaji, AocTaTOHHaa To.iiuiiHa). B npoTiiB- 
HOM c.ivBae rpa(})HK HSMeHewnH reMneparyp no BiieuiHeii noBepx- 
MOCTH H ^a.TbHeniuHe BbiqHc.ieiiHn gy/iyT nejiocTaToqHO xoMHbi. 
^ rio.ibin mLniiHzip SKcnepuMeHTa/ibHoro ncc.ie^oBaHMB 

obi.Fi H3roTOB.TieH H3 OC060H Kepa.MHKH luaMOTiio-miiHiicToro rnna 
H HiUe.i cjicTtyiomne pasMepbi: 

^2 = 0,0482 m; n =0,0407 m; ajiiina 0,3 .u. 

Ko3^4)HUHeHT ren.TionpoBOAHOCTH KepaMHKn onpe;fe.-iH.i- 
CH no MCTOjiy Jl. A. CeMenoBa [4], OasHpyiome.MycH na H 3 BeeT- 
HOM pemeHHH aaAaqn c tibn CToponnuM HarpeBanHeAi OecKoneq- 
HOH njiacTHHbi Ten.TOBLiM noTOKOM nocTOBiiHoii MoinnooTn. B pe- 
r^yjibxaTe Obi./iH nojiyqenbi anaqeHHH a,. =0,775. 

LI,H,3HHzi,p ooorpesajiCH naiiyxpH Borton, b KoxopvK) no^iiemaa- 
CH ^JieKxpHqecKHH HarpeBaxe»Tb. Bona b nonocxn cxatcana nono- 
AH,nacb no KitneHiin npn aT6ioc4)epHOM nasneHnn. TaKHM o6pa- 
30M, cocxoHHii© HenpepbiBHoxO KiinentTH anvxpii uiiaininpa 
nonnepSKiiBanfeb npti paB»oBocnn McHvny noneonOM 3Heprmi k 
ifarpeBaxejiio n oxBonoM xenjia e BHeniHefi noBcpxHocxn. 

Ha Mapyn<HOH nosepxHocxH unnHHnpa no ero oOpaByiOmeii 
c maroaj, 15° 6bi,no aanenano 13 .Menb-KOHcTaitTanoBbix xCpMo- 
nap, 2 xep^onapbi yfexaHaB.tiHBanHeb Bnyxpn nnjiHHnpa nnw 
SoHxpojiB xeMuepaxyp&i Kanameif eonbu TeMnepaxvpa Bo.^nvxa 
B asponiiMaATHqecKoft xpyOe eoexas.xBna b cpenneM -^-5®, x. e. 
nojiHbfii TeMnepaxypHbif! nepenan coeraBnwn npuMepno 95° c] 

Onbixbi npoBonH^ineJ. npn eKopoern noxgna 13,7 jlna 

npQBepRM noGxoBepnoGXH HgMeHeBMore pacnpeae^neMH^ xeMnepa- 
Typ UH.qHBnp no^opaqHBanc^ Ha 90° m nocae weKoxoporo nepno- 
na xennoBoS cxaOMJiHSauHH §aivrep&i noexopHnncb. Tojibko » cay- 
qae coBnaneffH^ noKasatfuS repMonap, pacnon05ifeHHtiX Ha onw- 
RaKOBOM ynaaesHH ox KpHTHqecKof? loqKH. nan nbie e'MwTa.aHcb 
tianex<ffbrMH h npnronHjtjMj^i nn,a oOpaOoxKM. 

C noMombio noKssaHHofi na pHC. 2 onbixHog KpHBofl fg I’B) 
no ypaBHeHHHj (11) onpeneneHEj nonnhie. MecTawe K03<|)AHnHeH- 
Tbi r^nnaeoM^Ha b MiinepBane saaq^HnA yrnoe ©t 0 no 180°. 
KoacpcJiHUHeHTbi KongeKXMBtioPo TenaooOiMeifa noncqHTbiBa/niCfe 
sarejf no vpaBneunto 

C133 


c/fJ^yuc^v] 
= , L ‘lOO J I 100~ / 


f 1 4) 


M =0,9). 

* OntiTu \\ri t'.i 

ah bccp. 

91 


IIpu oopaooxKe onbixHbix nanHbix b Kpnxepna.nbHOM Biine d)n 
.nmecKiie napaMexpbi, b oxoitqne ox • paOoxbi Kpv>t<HnHna i 
LLlBaoa. oxHocunticb ne k cpennefi n.iaHOMexpnqpcKof! xeMnepa 
type noBepxHocxn xe.ia ' 


! I A(0)J 0. 


(15) 


a K npyniM onpencnntomiiM 
xe^nepaxypaM. I\034)4*BmieHT 
xenJionpoBonHocxH cpenbi .i.ia 
y.lodcxBa cpaBHoHnq c 133 - 
BCcx.HbiMi! B .Tiixepaxype .lan- 
nbiMM oxHocnncH k xeMnepa- 
T\pe iiaiaeraromero noxoKa 
(/. a KU3{|)Cj)HlUieHX KHHeMa- 
THqeci<on BJf3Kocxn k Te.Miie- 
paxype cxenKn /glH). Paano- 
Hvenne Kpirsofi /oK-)) b pan 
<I>ypbe H Ha.voTKneHiie Koatji- 
cjMiuneiixoB pana npoH3Bonn- 
.'Tucb npiiGnn>KeHHbi.M rpacjDo- 


i:c 
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Pile. A 3KcnepiiMeiira.ibH]-ie .4,.,!.,,,, 

lis.Ajepeiiiiif ,’!OKi!.7bHH.\ Te^3^epaTvp m 

nepi!iierpy 6ecKQueqiJoro upyronorn lui 
nriiupa npii Re^b-'jpi 


-texonoM HeObimeBa [5]. Pa3,no>KeHiie orpannqn 
Ba,. 0 Cb 12 rapMoiniKaMn. ZIn.q npoBepKn xonnocTii HanncHHOrc 
anaqeHna Kpnxepnq Hyece.u.xa obi.i npoBcnen nono.iinixc.ibHbif 
paoqer nc.xonH h 3 18 rap.MOHUK. 

PESyJIbTATbJ OOblTOB 

Wap. Peaynbxaxbi aKcnepHMeiixanbiioro HccnenoBainiH xen- 
uiapa c BbiHynvneHHbiM rypOyneHXHbiM roxokom non- 
n>.^a npencTasnenbi na pwc, 3. K,an<naa na HaneceHHbix na rpa- 
$HKe onyrabix xoqeK nBAflexen pesyjibxaxoM 5—6 orne.ibHbix 
M3MepeHHH. Hs pneynjia bhaho, hto bcc aKcnepHMenxa.xbHi.ie 
xoqtfH ynoBoexBopnxenbHo ogoomaioxe.q aaBHCHMocxbH:) 

^ Nuf=.0,19Re";’'''\ ^16) 

MaKCHMajibHbie oxKJJOHemiH onbixHbix xonen ox peiMbxn- 
pyromen npnMOn hc npeBbimaioT ±4%. PacnonoHvCHno "xoneK 
Ha rpatpHKe yKaabmaer xaKvKe na xo, qxo b HccjienveMOAi nHana- 
BOtte xe.MnepaxypHbix nanopoB (ox 27 no 107° C) BniiauHe xom- 
nepaxypHbix ycnoBHii na xennooOMeH nanHexen, oqeBHnrto, ne- 
BHaqHxeabHbiM n .xeninx b npenenax norpeumoexn onwxoB. Hy 
PHC. 3, 6 HaiuH pesynbTaTbi 3KcnepHMeHTa conocT-aBnHioxeft c pe- 
^nbTaxa.qH npyrn.x aBxopoB. OcoObtiff HUTepec npencxaBniitoi 
,a.aHHbie onbiTOB jX F. .FIopTjnxicKoro fi B.. A. HTBaGa (6J. np- 
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.i\ MeHJibit' jipif H3Beciiibr\ 3Hay6HHH.\ cTeneiiii T\p6 \ .ighthovth 
H aueraiomero noTOKa 8 = 0,4 (KpHBan 3) u 2.8% (KpuBaM 2). 

Pe3\vibTaTbi_ HamH\ H3MepeHHii (KpHBaa / ) xopomo coBTia- 
AaKiT c KpiiBoft 2. Bno.ine vjiOBaeTBOpHTe.ifaHoe oonacue na- 
o.iioaaen-H ii c cfjop.ViV.-^OH, npea^noJKeHtfofi B. XL. KauHe.ibcoHOM 
n O. A. TiiMoqieeBoii [y. 8] na ocHOBe co6cTBennb!\ HB.-.iepeHHH 
ii PooOiueiiiiH P(5niHpHoro onwTHoro MSxepHaaa n<i Ten.ioo6Meiiy 



HB.IBIOTCM peay.TbraTOM ofioomeHiiH paSoi (u ochobhoxi i 

000033%rj?2°« 

Mbie lOre fl 11 p- niiRa^o ‘leaxax ^Kc^epH^ieH-T^i,-lbHbIe a 
le icjre |nj (Kpiisa^ 7), npoHCBO/piBiueni Hu-c-neiOBaima 
c4)epax ^XHa.MerpoM or 0.001 So 0.06 .tc' ^eaoBaifna 

B neno.M conopraBaeHHe Har.iaztHo noaruepa^aaeT aocros 
nocTb noayiieHHbix peay.nbTaTOB ii.iH Haiioo.iee lisyMeHMou n 


3 4 5 7 10^ Re- 


.ioo6MeH mapa c 

nOTOKOM B034y.\ 


MacTHU B BbiHy>KAeHHOM noTOKe (KpuBan 4). Ec.na yqecTb, yxo 
KpiiBbie 4 \\ 3 noTOi coBna^iaKDT (e = 0,4%), to saMexHoe pac- 
xo??<a;eHHe b naK.ioHe rpa{|)MKa Hamiix obbitob h pesyjibxaTOB 
B. .H,. Kaiine.TbcoHa u O. A. TiiMo^^eeBoft o6'bHc.HHeTCH jurnib 
pax.iiiqnoii CTeneHbjo TypSY.ienTHOCTH noxoKa. OMblBaiomero 
map. npii Re = 2 -HP oiKMOneuHe naiunx onbixoB or vKasaHHoii 
BaBiicHMocTi) cot'TaBJiHPT +5%, a npii Re = JO' + l'5%. K'pM- 
BHe 5 Vi 6, piicnp,iaraiom0eC5i Bbime. ndcTpoenb} no pacMeTSbiM 
^opMVnaM MaK’Aaa.Mea [10] li Bii.jhHMi-a. 06o MaBHv-nMOcTii 


;■ 

CZ 

— 

■ 


s 


1 





3 




yu 50 30 w ^ 

="'^neP"-’''eHTa.abHoro ii-.-- 
cae:uiBdifHH Tenaoo6MeHa KOHcMHoro nmini i 
nfinIS. " ^^BHCiiAiocTb K03(J)(jDiiiiiieHTa Ten.Vo- 
o6MeHaoTopiieHTamnj ujixuHapa BnoroKe/ny 


poo6pa.pon (J)op^Tbi xe.ia n ooocHOBbiBaex npaBii, ibiiooTK 
opaHHoii Mero^HKH npoBeiieHim onbixoB. 

UHJIHHAP. TennooSMen KonenHoro UHTnimna f niic 4i . 

Nu, = 0 ,J 23 RGy-^". . 

UH.-ntnapoM no c noiienP 
HKn. pa.'no.io>Ke.n,e,i ero b noTOKe. r. e. Koraa och m,Z7ar 
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iiepneif;tHK\,iHpiia HanpaM.ieHHio noTOKa, o6o6maK>Tc>f vpan- 

ueHHeM 

Nuf . (Ig) 

HeKoTopoe rroBbimeHHe, HfiTe-HCHEHocTH TenaocoMena irpo- 
aoabiio ofiTeKaeMoro UHaHHjipa mo^hq oS-bacnuTb HaawqMeM 
TypSy-neuTfioro oSMena na BceS TioBepxHeeru Mone/iti, TaK Kax 
KpoMKtf H ujioCKhh nepeziHHH cpe3 RpHBoa,aT k TypSyjiMiaaiXHM ii 
BHxpeo6pa3oBaHHfo. FIonepeqHoe H<e ° pacn©.qojKeHne i 4 .H/iiinapa 
B jioTOKG npe/xcTaBjiHex co6oii cjiyqafi o6TeKaHHH c oTpweoM. 
HpH KOTopoM p RopMOBOH qacTti Te.na o^pasyerea ^awKnyTan 
UHpjcyjiamfoHHag, soHa o, BosBpaTMbiwH xe^’enM^MH ir ^aBHxpe- 

HHHMH. 

X. CKBafip [12] oTMeqaex, qxo b KopwoBbix CKopocxb 

odpaxHoro xeqeHHH MOJi^ex jiocxHraXb ueero 30% ox cKopocxii 
ocHOBHoro noxona* epeji.b'r. 3Ta 30Ha 6y7iex 3aKdTKDMaxfa b 
rjia'feHbiii oSpaaoM oe-bCMbi sosixVxa, noAGacbisaewbie (sa cwex 
paspejKeiiHH KopMOBoft oSjiacxH) h 3 norpasHqHoro cjjoh q ne- 
pe^tneft qacxH uujiHif^pa. 

TeMnepaxypa sxhx o&beMOB noaxoMV 6yflex OnusKa k xeM- 
nepaxype cxchkh. HocKOJibiiy CKopocxb b aaiMKHyxoii UHpKynHun- 
®HHOH 30He ropaa^o MeHbme, mom b ochobhom noxoKe, xeainepa- 
rypHbie Hanopw (jiOKa.JibHbie) na xbiJibMon cxopone UH.nnajipa 
‘fiyAyr Menbiue, qcM _ na nepejxHeH. noc.ieaHee h oSTiHCHHex 
VMeribiueHHe HHxeHCHBHocxH xenjioodMeHa b ue^ioM. 

3xox BbiBOii xopoujo no^xBcpB^ r^aexCH pesy.xbxaxaMH onpea,e- 
neHHB BejiHMHHbi .aoKajibHbix K03ci)(|)Hu,HeHX0B xeii.q[oo6iMeHa tia 
6ecKOHeqMOM KpyroBOM UH.inHflpe (pHC. 5) , nojiyqeHHbi.Mii npii 
3HaqeHHHx Re = 5-10^. Kan bhtiho h 3 rpa(])HKa, HHxeHCHBHOQ,xb 
renjiooSMeHa, HaqHHan c .hoSoboh tomkh (0,= O}, nocxeneHHo 
naAaex, ;iocxHraB HaHMeHbuiero 3HaqeHHH botihsh Mecia oxpbiBa 
norpaHHqnoro cjioh ox noBepxHocxn, h 3axeM chobb Boapacxaex 
BBJioxb AO 0=180°. rpa([)HK noKapbiBaex HeycxoiiquBbii xapaw- 
xep xenjiooSMCHa noBep.xHocxH xejia b KopMOBoft o6jiacxH. 

B oxjiHqHe ox peayjibxaxoB H H. Kpy^H.nHHa h B. A. lilBafia 
3 ycjioBHBx HauiHx onbixoB (Re~5- ]0^ fc =2,4%) nojiyqeHo, qxo 
HHxencHBHocxb xenjioo6MeHa kopmoboh oO.Tiacxn HH>Ke, qeM ne- 
peitBeft. 3xox bbiboj; 6yaex nojiQJKen b ocHOBy nocjieayiome- 
ro aHajiH3a peayTibxaxoB i[CG;ne3:oBaHii5i npouecca xenjioOSMGHa 
xeTi pasHHqHOH KOHc|)Hrypau.nH c BbiHyjKjteHHbiM raaoBbiM no- 
XOKOM. 

MuHHMyMbl OnbIXHbIX KpHBblX ^2(0) » Nu(0) BOqXII COBOa- 
,iaK)x CO 3HaqeHiiHMH yrjia oxpbiBa vnaMnnapHoro norpaHiiqHoro 
CJIOH (npHwepHo 83°). IlpHMepHo xaKofi >Ke yroji oxpbiBa nojiy- 
qeH Ha KpyroBOM pHJiHHflpe mhoxhmh HccjieioBaxejiHMH h npii- 
BeB,eH B cnpaBoqHOH *XHxepaxype. 
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Kpusan Nu(0) iiMGe? oxqexi:iHBo Bbipa>KeHHbiii xapaKxepHbiii 
Repe-rn6 b6u 1H3H 0—100°. 3xa ocooeHHOcxb rpacJjiiKa Haxoaiix 
o0x>H0HeHHe, eP.xH paccatoxpexb HHHaaiHKv oOxeKaHiin npyroBoro 
UHJi»fiiipa xypSy.iCHXHbiM hoxokom HecTKUMaeMoro raaa. Ha 
pHG. 6 ji.XH cpaBHeHHR HoKasana 3an.\JcxBOBaHHaH hs [13] aniopa 
6eapa3&iepHbiX jiaB^seHiiii RpyroBoro mi.iHHflpa. MHoroqHcncHHbi- 
HeGs5ieaofeaHHHiflii yexaHOB.ieao [14], <?xo nepernS Ha KpiiBoii 



15 60 105 750 6 ' 

Pn3 B. SKcnepii.MeHxa.ibHbiH rpa- 

(})KK pacnpeAe. 7 e!n!H .lOKajibHoro 

xenaooejiena no nepiiMexpv mt- 
.iHDapa npn Re -^.5 -10^: 



Pile. 6. Pacnpeae.iemie oeapasMep- 
Horo nepeiiaaa .iiaB.ieHmi na nosep.x- 
HocTii KpvroBoro mi.iiiHapa flST 

(8.9". Re -3.3. 1 90 


aSBAeHHff CBH 3 aH C HCpeXOilOM B 3X011 o6.TaCXH OXOpsaBUJerOCH 
.laMHHapHoro norp^HHqHoro c.ioh b xyp6y.ieHXHbiH. CvmecxByex 
npejino.xojKeHHe. qxo bS.thbh xoqKn nepexojia npoHcxoAHX .mccx- 
8biH oxpbiB c^oh. eonpoBOKnaiomHffcu oopaxHbiM H KpaxKOBpe- 
AieHHbiM ero npH.nHnaflHeM k nosepxHocxH xe.ia. CKaaaHHoe no- 
3Bo«jiHex Jiaxb aHa.TorHMHoe o6x>HCHeHHe' noBejieHHK) kphboh .no- 
Ka.xbHoro xen.xoo6.\ieiia. 

CpaBHCHHe noayqeHHbi.x naitfn jiaHHbix c peay.XbxaxaMii jipy- 
nix Hcc.xe^OBaxe.ien noKasbiBaex ynoB.iexBopHxe.ibHoe cor.iacHe 
c HHNH xo.Tbi?o Ha .io6oB0H Hacxii noBepxHOcxH H 3HaqHxe.ibHoe 
pastfiHque b KopMOBOii. Kan oxMeqaexcn b pa6oxe [3], b kopmo- 
boh qacxH noBepA'HoexH pacxojtHxcH. ojinaKo. KpHBbie Bcex Hcc.ie- 
jOBaye^refl. 

B 3xoft A<e pa6o-pe .aaexcH o6ocHOBaHHoe o6-bHCHeHHe 
3xoro. Pacxo>«3eHHH oS^c.xoB.ieHbi r.iaBHbi.M o6pa30M paa- 
^IHqHOIi oScxaHOBKOii onuxoB, BiinaHHCM cxpvKxypbi noxoKa. 
3arpoMo>K/ieHHeM ceqeHHH aapojiHHaMHqecKOH xpv6bi MOJie.Tbio. 
B3aH!ffOB.xHHHHeia -XToiieflH H cxcHOK paSoqexo cxBopa h jip. 

Oxciozia MO^yo cjie.iaxfa bbiboji o xom, qxo KopMOBan qacxb 
xen.xooxjiaromeu noBepxHOGxii Heyiio6oo6xeKaeMoro xe.na 6o.nb- 
uie, qeM nepeiiHHH. qyBcxBHxe.xbna k yc.iOBHHisJg b Koxopbix npo- 
xeK'aex npouecc. xeniXooSMena KieHvjiv xetio.M h cpejiOH. 3xo oCx.- 
HCHHex II xo. qxo HO.xyqeHHbie ue.xbiM pnjioM HcencAOBaxeneJ? 
BMHHpHqecKHe aaBncHMocxH cpejiHero K03(])(|)HUHeHxa xen.iooS- 
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Mena paann^Hbix re.i Hey4o6oo6TeKaeMoii ^jopMbi aaqacrvto pac- 
xoiiHTCH Tipyr c itpyroM h ho nonTiaKDTCH aHa.niisv ii o6o6ineHHK> 
nocKo.ibKy iiaHHbie no.iyqeHb! b paa.iFiMHb^ Vc.iobhh.x onbixa’ 
Ha pile. 7 npeTi.CTaB.ieH rpatjiHK Nug/I/Re,, =/(0) b npe;ie- 
.lax 0 -C 0 ■ ; - 2, KOTOpbiit vAOB.ieTBopiiTe.ibHO cor.iacyeTcn 
c HSBecTHbiiMH TeopeTH'iecKTiMii pacnexaMii [15], B nacTHoexH, 
jX.ia JioSoBOH KpHXHnecKofl tohkh HaMH no.iyneHa = 

= 0,98, nxo Bcero Ha 1,2% ox- 
jiHnaexca ox iiSBecxHoro SHane- 
HHH CiCBanpa npii Pr == 0,7. 

Hpii BbiMHCJieHiin wecTHoro 
SHaneHHfl Kpnxepnsi PeftHo.ib. 2 ica 
pacnpe.zi.ejieHHe CKopocxii F(0) 
opajiocb HaMH He iis noTeHUHa.ib- 
Horo oexek-aHHH P(0) = 21/,- sin 0, 
a no (|3opMVJie .XHMenua 


T li> r;iiiMOHHK, J - I.s r.-ipMoi 




(19) 
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Pile. 7. SaBiicii.MOCTb Nu 7' Re _ 
— /(0). no.TvqeHnaH no .Mexoav 
r. H. Kpywn.niiHa ii B. .A. LUBaoa': 


VMHXbiBaiomeH oOpaxHoe B.iHHHue oxpbiBa h KopMOBoft oOnacxii 
Ha pacnpejie.ieHHe CKopocxeft BnemHero noxoKa b nepeAHeft na- 
exH UH.xHHapa {V ; — CKopocxb HaSexaiomero na xe.io noxona- 
Vs ~ MeexHoe SHaneHne cKopocxH b HeKoxopoii xonne Buoib 
UHJlHHTipa). 

K 3XHM >ke BbiBOiia.M npHBOiiHx H aHa.iHB paOoxbi [2]. y.Mecx- 
HO jiHUjb oxMexHXb, nxo Kop.MOBan odnacxb ;i.ih UHjiHH.apa ko- 
Hemibix pasMepoB Oynex Aienbrne, hcm y OecKOHennoro uhjihhti,- 
pa, BCcXeii,cxBHe oOxeKaHna JKHjjKocxbro xopnoB uH.iHH/ipa [161. 

UIxpHxoBaa KpHBaa na puc. 4 cooxBexcxBj-’eT pacnexHbiM sa- 
BHCHMOCXHM XiKibnepxa [17] h XCyKavcKaca [18] jijih nonepenHo 
o6xeKaeMbix OecKOHenHbix UH.iiiHiipoB. HaiuH peay.ibxaxbi (opn- 
eHxauHH A) oxaimaioxcH ox yKaaaHHbix saBHCHMOcxeft b ochob- 
HOivi xaHxeHCOM yr.ia HaK.iona KpHBbix. 

AHajiH3HpyH peay.ibxaxbi ox.ne.ibHbix pa6ox [6, 19], nocBamen- 
Hbix HsyqeHHio BJiHHHHH cxencHH xypOyjieHXHOcxH Ha6eraiomero 
noxoKa Ha xenjiooSMeH, moh<ho BaMexuxb, nxo c poexoM cxeneHii 
Typ6y,ieHXHocxn noxona KpiiBbie aaBiiciiMocxn Nu=/ (Re) Me- 
HBKJX CBOH HaicioH (cM. xaS.iHuy Ha exp. 101). 

HoKasaxejib cxeneHH n npn Re c poexoM xyp6yneHXHOcx.H 
Boapacxaex, K03c|)(jDHUHeHx C, HaoSopox, yMeHbmaexcH. 

TaKHM oSpasoM, naS.iio/iaeMoe na pHc“ 4 oxK.ioneHHe Hainiix 
pesy.ibxaxoB ox naHHbix XH.ibnepxa h ^^noycKaca mo>kho oxne- 
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3. % 

1 ^ 

i 

1 

0.4 

0,216 

0,620 

1’^ 1 

0,182 j 

0,641 

1 ,a 

1.8 

0, 170 

! 0.6o0 

0,156 

0,662 


HoexH cpeAbi. ■ unbixax pasniimion cxeneiiH xypoy.xenx 



npBMepHO epe^HHM SHaqeHHBj, HHTeHCHBHocTH xemooBMeHa fin 

oecKOHeqHoft AJiHHbi. ^ ‘ ‘ ncpxa xin uh.ihhapob 

//d>r5'°'®7r7pTZ“„^f'’'"‘’ T®"®’ ‘‘™ npeafoiax OTHoiueHHa 

raMH SKcnepHMeHxa.abHoro'^HccXoBrHTH^SnTO^^^^^ 

op„eHxau“B"noxo “bS: 
vrjia opHeHTaiinH e oT’’QyTo OT'Th ® “"’'epBa.ne H3MeHeHHa 

paKTepHayerca cxafiH.aBHHM 3„a.eHHeM Ko3,l,$™„e„Ta Ten^: 
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o6MeHa. a ^axeM. HamtHaH c H 30° ii MeHbuie. Hao.xtoaaexcH 
noBbimeHiie ero c j,ocTH>Kemie.M MaKciiMVMa npii 

Kowyc. Hcc.xeaoBajiacb Moaenb c pacxBopoM yr.xa npn bep- 
iiJHHe 36°. Pe:n\xbTaTbi onbixoB npe:icxaB.ieHb! iia piic. 8. 06o6- 
menne peay.ib'xaxoB ji.th KOHvca, opiieHXHpOBanHoro BepiuHHOii 
K nanpaB.xeHHio cKopocxii naoeraKimero noxona. no3BO.Tii.no no- 
.Tyniixb ypaBHeniie 


Nuf == 0. 128 Re,- 


O.6.". 


( 20 ) 


lUTpHXOBafl .TiiHiiH Ha piicyHKe cooTBexcxByex aHa.TiiTimecKoiT 
SaBUCMMOCTH 

Nu^ - 0,767 Re/ Pr) \ , (21) 

j,.xsi cpe,T.Hero K034)ti)Hu,neHTa xen.xooOMeHa Konyca. peKOMen- 
AyeMOft 71 >kohcohom h PyOesuHbiM [20]. 

3x011 >Ke 4)opMy.Te OTBenaiox h sKcnepiiMeiixa.TbHbie ziaiinbie 
36epa [21], ncc.xeaoBaBmero xen.ioooMeH na Konyca.x c yr.iaMH 
npH BepiiiHHe 10. 20 h 30°. Pe.xy.Tbxaxbi 3xn.x Hcc.TeaoBaHHii no- 
.TyMCHbi npn He3nanHxe.TbHoii xypSy.TeHXHOcxH iiaSeraiomero no- 
xoKa B03ziy.xa. KpoMe xoro, b l21) He ymixbiBaexca 

xen.TOodMeH KopMOBoft qacxii Konyca, nosepxHOCxb Koxopoft b 
H ameM o.Tyqae cocxae.xHex 31,5% ox ooKOBoii noBepxHocxii xen.io- 
o6MeHa. 

71.TH KOHyca, pacno.TO/KenHoro ociioBaHneM k iianpaB.TeHHio 
uaoeraiomero noxoKa, SKcnepHMeuxa.Tbiibie xomkh yjiOB.iexBopH- 
xe.TbHo Koppe.TupyioxcR ypaBHemieM 


NUf- = 0,0o7 Re'/ ''^. 


( 22 ) 


Ha rpa(|jnKa aaBHCu.Mocxn K034)(])HmieHxa xeii.xoo6.\ieHa ko- 
Hyca ox yrjia opiieHxauHH (-) b noxoKe BiiiiHO, mxo K 03({)(j)nuHeHx 
xen.ToooMCHa jiocxwraex MaKciiMyMa, Korj,a B cocxaB.iHex npH- 
.MepHO 72°. npH OXK.TOHeHHH OX 3X0X0 nO.TO/KeHHH B cxopony yse- 
.THqeHHH H.TH VMeUbllieHMH H llHXeHCHBHOCXb Xen.TOo6Mena CHH- 
HvaeTCH. 

Pa36poc xoMeK ox o6ooiuaiomn.x KpiiBbix ne npeBbima- 
ex ±6%. 

Pacxo:av.ii,eHHe b Be.iHMUHax K034)(J)iimieHxa xen.ioooMeiia ko- 
Hyca. paa.THMHbiM oOpaaoiM opiieHXHpoBanHoro b iiaSeraiomeM 
noxoKe. oSisHCHHexcH xexi, hxo na 6o.Tbiiieft qacxii Sokoboh no- 
BepxHocxH KOHycT. opHeHXHpoBanHoro BepuJHHOH K HanpaB.xe- 
HHHT noxoKa. B Bbt6paHHo:\! TiiianaaoHe mice.n Pefliio.Tbjica ycra- 
HaE.THBaexcH norpaHHMHbin c.TOi'i. 

Tenepb paccMOxpiiM. mxo iipoHcxonnx b KopMOBoft o6.Tacxn 
Konyca. B c.nvMae ocecnMMexpuMHoro o6xeKaH!iH oSpasyromHeca 
Biixpii. KaK noKa3biBaiox onbixbi. npespamaioxca b omiHOMHbin 
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KO.TbueBoii Biixpb [22]. Ha Henoxopbix xe.xax (map, ahck), b xo.m 
Miic.ie H^Ha ipnyce, Ko.TbueBoii BHxpb b o6.Taoxii PeiiHO.Tbiica 
o • 10 — 5 • 10^ acHo Bbipa>KeH h hbho cxapHOHapen. B.iaro/iapji 
xypSy.ieHXHOcxH Ha .thhhh paaae.xa BHemnero noxoKa c aoHoi'i 
UHpK\.TaUHH (30Ha KO.TbUeBOXO BHXpa) HMCeX Mecxo nOCXOHHHaa 
ny.TbcapHH c .Maccooo.MeHOM. 3a eiHiHHpy Bpe.\ieHH onpeTte.ieH- 
Hoe KOJiHMecxBo B03;iyAa npoHHKaex h3 BHemneii aoHbi bo bhvx- 
peHHKDIO, B xo BpeMH Kaiv B CILTV HepaapbIBHOCTH XaKOe >Ke KO.XH- 
MecTBo nepexoiiHT H3 BHyxpeHHefi odjiacra bo BHemmoio. 0,hho- 
Bpe.MeHHo B peayxTbxaxe nepenoca iiMny.ibcoB BuxpH spamaioxca. 

Oxcioiia MO>KHO SaK.TlOMHXb, MTO nO.THblH H,HK.T OOHOB.TeHIIH 
ooTje-Ma Boaay.xa b 30He uhpkv.thuhh aaiiMex onpe^ne.xeHHbiii 
npo.MevKyxoK BpeMenn, b pesy.nbTaxe Mero xeMnepaxvpa b Kop- 
MOBOH o6jiaCXH no CpaBHCHHIO C BHemHHM noXOKOM nOBbICHXCH. 
3x0 noBbimeHHe xe.Mnepaxypbi npHBOjiHx k yAieHbmeHHKj nepe- 
najta xeMnepaxyp yiem^y cxchkoh h OMbiBatomen cpe;iOH, mxo 
B eriex K yxyjimeHHio xemTooSweHa KopMOBon cxopoHbi Konyca. 

lIpH o6xeKaHHH KOHyca co cxopoHbi ero ocHosaHHa Kapxnna 
B3aHMOAeHcxBHH.xe,Ta c noxoKOM coBepmeHHo HHaa. OcHOBaHHe.M 
KOHyca HBjiaexcH .hiick, o6xeKaHHe Koxoporo 6y,aex ocecH.MMe- 
xpHMHbiM. Ha6eraiomHH Ha ocHOBanne KOHvca noxoK CHMMex- 
PHMHO pa3;iejiHexcH h c BoapacxaiomeH k KpaaM CKopocxbio 
ooxeKaex njiocKyK5 Macxb noBepxHocxH, a aaxeM cpbiBaexcH, o6- 
paaya aaiviKnyxyio uHpKyjiHHHOHHyto 30Hy (haK h b npHMepe 
c KOHycoM b nojioHveHHH A). 0,iiHaKo B 3XOM c.TiyMae Macxb sohbi 
KaK obi HCKvccxBeHHo aanojiHCHa caMHM xejioM (KOHycoM), 4)op- 
.Ma H pa3Mepbi Koxoporo npHMepno cooxBexcxByiox paswepaM 
oOpasyeMOH sohbi UHpKyjiauHOHHoro xeMenna [IJ. CjieaoBaxe.ib- 
Ho, eoKOBaa noBepxHocxb Konyca Syyiex Haxo,aHXbCH npHMepHo 
Ka jiHHHH pasAejia 30H BHemHero h aaMKHyxoro noxoKOB, x. e. 
npHMepHo B 30He xyp6yjieHXHoro ofiiMCHa. 

CKasaHHoe oS-bacHnex, noMexiy xenjioogxieH Konyca npn Ha- 
xeKaHHH noxoKa c ocHOBanHa Bbime, mbm npn naxeKanan c sep- 
mHHbi. B nepBOM cjiynae 75% o6meH noBepxnocxn yMacxsyex 
o6MeHe, B XO BpeMH KaK BO BXOpOM npHMepHO 
4U bO /o (KopMOBaa aona n ynacxoK JiaMHHapnoro norpanHMHO- 
ro cjioa) o6meH noBepxHocxn naxoAHxca b ycjiOBHax yxyameH- 
Horo obMeHa. 

Ahck. Opn nbnepeMHOM pacnojioaceHHH moabjih (pnc. 9) 

B noxoKe BOSAyxa onbixHbie AanHbie cooxBexcxByiox ypaBneHnio 


Nu/ = 0,028 Rel 


0.77 


(23) 


npn npoAO,TbHOM oSxeKaHHH ahckb Kpnxepnajibnoe vpaBne- 
nne HMeex bha ^ ^ 


Nuf = 0,017 Re^’® 


(24) 
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Bo.TbiuaH paaiiima b iiHreHciiBnocTii Tei^.■loo^'^reIUl npii iipo- 
ao.ibHOM ii nonepemioiti pacno.ioKeHim ancKa b noTOKe namR.i- 
110 H.i.iiocTpnpyeT orpOMHoe wopMOBOh aonbi na npo- 

uecc nepeHoca xen.ia. 

OpoBeiteHUbie ,1. A. By.incoM ii C. II. IkaxaeBbiM iiB.Mepe- 
una [1] reoMexpimecKiix pa.xMepoB bohm unpHynamm y.nn none- 
pemio pacnu.iO/KenHoro b noxoi.e ancKa noKa.BbiBaiox. mxo ona 




2-10* 3 5 7 IJSRcf 90 70 50 30 10 


Piic. 9. Peay.TbTaxbi aKcnepnMeHxa.ibiioro iicc.neaoBai 
ooMena aiicKa (a) ii saBnciiMOCTb K03tj)(})iiuiienTa x 
na OT opiienTamiii j,ifCKa b noxoKe (o)-. 











y 


Pile. 10. PeoMexpiiHecKiie pasMepbi (iimpimr 
.x.xiiHa) 30 Hbi mipKy.xamin .x.xa ox.xe.ibii 
xe.x no [ 11 : 


M.'.ieex no cpaBHenino c ii,p\THMH xe.xaMn MaKcn.Ma.nbHbie anane- 
HHH (puc. 10). Ha sxo.m pucynne npiiBe/xenbi aaMKHyxue bohoi 
unpKy.xnuHOHHoro j,BHyKeHHH, orpaHnqeHHbie noeep.xnocxbio 
V = 0, rae V — cKopocxb noxona. FIpocxpaHcxBeHHbie Koop.aii- 
iiaxbi HaHeceHbi b oespaaMepHbix Be.iHMHHax, x. e. BiianeHiiH 
.V If y oxHeceiibi K onpejie.xnKDmeMy pasMepy onbixnoro xe.ia. 

O pasMepax KopMOBon bohu moh<ho cy/nixb h na ochobc aan- 
iibix HBMepeHHH no.xHoro conpoxHB.ieHna Mozie.xefi b noxoKe 
[8, 16]. Hpii oxpbiBHOM o6xeKaHHH conpoxHB.xeHne naB.ieHiia 
oOycaoB.iHBaexcH pasMepaMii bohm BiixpeoSpaBOBainiJi n b 6o.ib- 
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jiiiiHcxBe c.iyqacB Boeue.io npeo6.-iaa,aex naa ^onpoxiiB lenneM 
rpeiniH. Oxv.Kj,j,a BnaneHiie K09(])c|)iimieHxa conpoxuB.iemiH 6ya,ex 
iipiioniiBHxe.ibHO Haxoj,HxbCB B nponopuHOHa.ibHOM saBiicnMocxn 
ox paBMepoB BaMKH\xon mipxy.iHmioHHoii BOHbi. Saoeraxi ane- 
pea., VKaTKe.M. oxo a.iH aiicna b noaojivennii S K03c}5c|3imnenx co- 
npoxiiBneniiH iiMeex HaiK.>o.xbujv.e BHaneHiie no cpaBHennio c ic- 
xa.ibHbi.Mii xe.Ta.’MH. 

TaKH\i oSpaso.M. pesKoe yxyanjeiine xen.ioooMena anok,? n 
noaoaxennH B .Moa<Ho oo-bncHnxb BaiiBHiieM KopMOBOii bohu. rue 




Pesy.ibxaxij SKcnepuMeHxaabHoro ncc.xe 
foj li saBiiciiMoexb Kos^xfnmneHxa xen 
xaumi naiixbi b noxOKe ( 6 ): 


CKopocxH UHpKyaHunoHHoro aBH>t<eHHH no aocoaioxiioii Beaimn- 
ne .MCHbLue, qe.vi b nepeanen KoniJiyBopHon o6aacxn. 3xo v.wa- 
Luaex KOHBeKXHBHbie ycaoBHB xenacooMena b I'lopMOBon naoxn 
reaa h B.lnHex na BeaHMHHv xenaoBoro noxoka Been ero no- 
BepXHOCXH. 

Haysa [23], nanpn.Mep, nBynaa npoiiecc MaccooSMena c no- 
BepxHocxH ancNa. yexanoBaennoro nepneHaiiKyaapno naCeraio- 
meiviy noxoKy, Hamea, Mxo_CKOpocxb HcnapennH e aoooBon no- 
BepxHocxH 6biaa na 10 — 13% Ebiuie, oeM b KopMOBoii. 

ripn npoaoabHOM pacnoao^<eHHH ancKa ocxpbie KpoMKii ero 
xopuoB npHBoanx k 6oaee paBHo.Mepno.Aiy OMbiBaHHio xypSyaenx- 
HbiM H saBHxpeHHbiM EOTOKOM Bosavxa Been ero noBep.xHOcxn 
rioayqeHHbie KpHxepnaabHbie ypaBHeHun (23) ii (24) o6o6- 
maiOT pesyabxaxbi onbixoB c xoqHocxbro ±3%. 

HsyqeHHe BaBHCH.MOcxn KoscjjffiHUHeHxa xenaoo6.MeHa ancKa 
ox ero opHeHxauHH b noxowe (pnc. 9, o) vKasbiBaex na xo qxo 
c nepexoaoM or npoaoabnoro paenoaoTKeniiB ancKa b noxone 
K nonepeqnoMy epeanee BnaqeHiie K03(]D(j3HuneHxa xenaoo6.MeHa 
y.MenbiiiaexcB. 

nawTa. 3KcnepHMeHTaabHbie aanHbie npn npoaoabnoM pac- 
noaoKeniiH nanxbi b noxoKe Bosavxa (pnc. 11) o6o6maiOTCH 
ypaBnenneM 

Nu;- 0,107 Re?’", (25) 
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npn nonepe'iHOM ooTeK'aHiiii 

Nu. 0.29 Re?’-. (26) 

npii 3TOM paaopoc TOqeK OTHOCtfTeifaHo peH!\.1faTHpviOmH\- KpH- 
Bbix He npeBbiiuaer ±.S%. - - p 

XapaKxep no.ixqeHHWK saBiicuMOCTeii n h\ pacno.ioaveHiie 
na ipaOiHKe aHa.iornqHbi kpuBbiM jptcKa. nonepeqHoe pac- 
no. !u/KeHHe n.iHTbi b noxoKe bo ;;iyxa npiiBOTiHT k noHH>KeHHio 

HHTeHcuBHocTH xenjiooSMe- 

Ha. OjiHaKo KpHTepHa.ab- 
Hb’e ypaBHemiH jijiq jincKa 
ii n.niTbi paajiHqHfab no- 
CKO ir.Kv Napanrep o6ieKa- 
HtiH 3Ti!'c Tea HHOH. 3.ri,ecb 
CKaOfa!BaK)TcH OC 06 e«HOCTH 
ooTc-KaHHB Tea. B cay- 
qat- nonepeMHoro oOxcKa- 
HiJB n.iiiTbi Boaayx orii6aeT 
cTopoKM yraoB h jHaqn- 
TeabHo y.MeHbiiiaeT aoHy 
mipK^aHuiiH. Tew ca.Mbi.M 
ocaaoaHfTea OTpuuaxeab- 
HOC B.lHBHHe KOpMOBOH 30- 
Hbi Ha TenaooG.MeH. 

riaacTHHa. Moae.nb ae- 
orpaHHqeHHoi'i n.,iacTiiHbi 
jiai w ! UD, icna- 11 ^ luiuTbi. ^aaeaaHHOii b cncuiia.ibHbii'i TeKCToanro- 
Bbiii aitcT aaiiHoii 0.4 m . B TenaooSAieHe yqacTBOBaaH To.nbKO 
Oo.xbmue noBepxHOCTH natiTbi, OTKpbiTbie HapyjKy. noaaraa. hto 
iipouece He aaBiicHT ot jaitHbi HaqaabHon*. He yqacTByioijjero 
npcaBapureabHoii cTa6naii3auHH noxoba 
[24, 25], B KaqecTBe onpene. latomero paaxiepa no-npe>KHeiMy npii- 
HHMa.xacb aanHa n, ihxbi Bjo.ib noxoKa. Pesyabxaxbr onbixnB 
q.iaeTriHoii noKaaaHbi Ha pnc. 12. noayqeHHaH aaBucii.Mocxb 

Nu/ 0,031 Re?’^ (27) 

Bcen> aimib Ha 3% oTaHqaexca ox BbipaiKeHiiH Nu^ 0.032 Re'/’'' . 
peivOMeH^yeMoro B C. rieTvxoBbiM, A; A. AeT.xa(boM n B. R. 
KiipHaaOBH.M [261. 
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Pile. 12 . Peay.ibTaTu ':»KcnepiijJenTa, 
.toro HCCleflOBaijHH npouecca Ten.no( 
Eieha n.iacTiqib- (xoqKit Ha npsMon i 
< ‘TBeTCTB^ lOT 140° C) 




i 


AHAJ 1 M 3 PESyJlbTATOB 
aKCnEPHMEHTAJlbHOrO HCCJlEflOBAHMJI 

AHaaHSHpya pesy.xbxaxbi OKcnepHMeHxa.TbHoro iiCcaejioBaHHH 
xeii.xooOMeHa necaxii bhuob onbixtibix xea c noxoKoivi Bosnyxa, 
MO/KHO .3aMexiiTb, qxo aaa Bcex BapnaHroB HSMeHenne yraa axa- 
’O-". 


KH opbiTHoro xeaa npuBoyax k HSMeHeHHK) noKaBa-reaH cxene- 
HH n H nOCTOHHHOH C B KpHXepii a.lbHOM ypaBHeHHH (5). lICK.riO- 
qeuHe cocTaBTHex KOneqHbift un,nHH.ap. 3necb. Ka^ h .ana 6e<-- 
KOHeqHoro uH.iHHa.pa, nesaBucHMo ot BeinqHHbi yr.ia axauH no- 
Kasaxe.ib cxeneiiii n ocxaexca noqxH nocxoHHHbiM. na.MeHHexcH 

.IHLUb C. 

HaMeHenne xapaKxepa npouecca xenjiooOMena na noBepxHO- 
exH ouHoro li Toro >Ke le.ia b .aaBHCHMOCXH ox ero opueuxamiH 
a noTOKe, Heco-Miieimo. vKaabiBaeq- iia pasjiHUHbiH xapaKxep rH.a,- 
pouHHaMuqecKoro h xeixioBoro BsaHMOAeficTBHH xejia co cpefloii. 

HeKOxopbie iipe.b- leunH o BsanMOBJiHHHHH rHjtpojruHaMU- 
KH II Ten.ioofi.vieiia it b iioxoKe B 03 a.yxa motkho no.ivmiTb 113 
xaOiHUbi. 


'r a 0-1 im .1 


3 HaHeHHH KOe^HflMUHeHTOB COnpOTMBJieHHH AJIH OTI^eJIbHWX MOACJICM 



* 0;>iuV!- 

npo;i^ i-bi 

Bejimmia k:o3i|j 4):.- 
UiieiiTa conpoTiiB- 
lemiH 

X;ipaKTepnbiii p; 
iep Tv.aa (. ) 

n.ihxa 

! A 


1 

_ . 

map . 

- ! — ! 

lOA UP 

H, 42-^0.49 

0,12 

Uii.iiiH.yi 
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0,68 

0,0021 

Aiick . . 

. . . : .4 
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E 
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\ ,4 
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0.0016 

njiiixa . . . 

, . . ' E 

i - 

1,13 

AtlCK . 

. . , i E 

1 KH— 10« 

L 

0,147 


. noc-ieAOBaxe.ibHoeib paenoaoiKeHHb pas-iiiqubix xe.i b xao- 
,iHue cooxBexcxByex yobiBatomnw sHaueHHHM cpeAHero ko94)(J)h- 
UHeHxa xen.iooOMeiia. Be.iHqHHbi. K03(])(|)HuneHxoB conpoxnB.ne- 
iiHH BSHTbi H3 pasHbix pa6ox [8, 16, 1]. HecMOxpH Ha onpeAeJieH- 
Hyio oxpbiBOMHocxb uaiiHbix, Mo>^^rio Bce JKe oxjiexHXfa. qxo xenJTO- 
oOxieH xe.ia b ryp6yjieHXHOM noxoKe xexi Sojibuie, qexi lUeHbuie 
ero ruApOAHHaMiiqecKoe conpoxHBJieHHe. Ho K034)4JHmieHx co- 
npoxHBjienHH np.H xeqeiiHH c oxpbisoM oOycjioBJiHBaexcH b ochob- 
HOM conpoxHB.ieHHeM AaB.ieHHH. Koxopoe b cbok) oqepeAb onpe- 
uejinexcH o6.iacxbio paspe/KenHu sa xiecxoM oxpbiBa noxoKa. He i 
oojibuie no oO-beMV 3xa oOjiacxb. qexi BHaqiirejibHee pa 3 peH<e- 
HHH, vcxaHaB.iHBaiomHecH B Heft, leM dojibuie h cHJia conpo- 
THBAeHHH. 

TaKHM o6pa30M, b HccjieAOBaHHOM HaMH ananaaoHc qncei 
PeftHO.ibAca qeM Oojibuie sona UHpKyjiHUHH b KopMOBOii qacxii 
re/ia, xeM xy>Ke xen,Too6MeH re.ia c noxoKOM. 

c .or 
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BJIHJIHHE <I>OPMbI TEJl 
HA nPOUECC BHEIlIHErO TEnjIOOBMEHA 

B CH.TV itaeiiTHmiocTH yc.noBHfi npoBeaeHUH onbiroB OMeBuzi- 
HO, MTO il.lH BbIPCHeHHH BHHBHHB CflOpMbl 76.13 Ha 670 Xen.lOOSMeH 
npn npOHHX OTlHHaKOBblX yc.iOBHHx U6.iecoo6pa3HO npHHHTb 
e^HHOOOpaHHbn'i Bcex MOiI,6.16H XapaKXepHblH .7HH6flHblH pa3- 

Mep, ^xoAHman b KpHTepnu nonooiia. TaKoft B6.iimMHOH. no mho- 
hhk) cp. ;\v rio.iOHCKoii [27j, mo>k6t obirb npHiinr KopoHb KBa^- 

^ paxHbiH H3 n.ioLuaziii aKxuB- 

Hoii noBepxHocxH x6n.ioo6- 
MOHa onbixHoro xe.ia (1 F). 
Bc 6 npiiHHTbie HaMii X6.ia 
HMe.iii ojinHaKOByio aKxiiB- 
Hyio noBepxHocxb, paBHvio 
0,0452 M^. 

Peayxibxaxbi onuxoB, oopa- 
ooxaHHbix no xaKOMy onp6zl6- 
.iHfomoMy pa3M6py (piic. 13), 

, , , , 11,1 ^ ^3tox KaqecxB6HHoe n kojih- 

20 JO 50 70 100 

Phc. 13. PesyobTari)! iKcnepiiMeHTa.ib- (t>OpMbl HsyMae.xibl.x X6Jl Ha 
Horo irccoejtoBaHirn npouecca ren.no- xen.lood.MeH c BblHV>Kii6HHblM 
co.e„a xaa pn3.n,n„„n Ko„<|,..ry,.au„„: noTCfOM Boanyx^' ?lo.®v"eH 

paaOpoc KpuBhix Ha-pii- 
;mcK. S. .<? — KOfryc Cy'HK6 HarjlHilHO OXOOpa- 

>Kaex B.1HHHH6 cpaKxopa (bop- 
.MS] He CHHXaXbCH c KOXOpbIM, OWeBH^lHO, Healb 35 I 

B.iHiiHHe cpaKxopa cjjopxibi Ha xen.nooOMeH iieaHanHxe.ibHo 
.iHUjb M07ie.ieH, HxieKSmHx oxH0CHxe,ibH0 HeOo.ibiiiHe oOi,- 

C.Mbl 30HbI BHXpeOOp^BOBaHHH B KOpMOBOH nacXH, xaKHX, KaK ° 
map, aH.iHH/tp B yiKDooH opHeHxauHH, npoiio.nbHo o6xeKaeMaH 
n.iacxHHa. 

Hekoxopbie aBxopbi, .nayqaBLUHe Bonpoc b.ihhhhh (bopMbi ria 
npoueco xen.io- u MaccooSMeHa, npeA.naralox b Kan^cxBe o6o6- 
uijiMmHx -xapaKxepHbix pasMepOB cooTBercxBeHHo I' (n./iHHa 
ooxeKanriH no KpHiuepy ^28]) h F/Pyx (oxHomeffne o6m,eH Ovio- 
ma^i aKXHRHOH noBepxHocx,H k nepuMerpy MHiieaieBoro ceneuHn 
HO riacfepHaKr[29]). 

. npnroa,Hocxb ,^xhx peKOMennaiiHi’i ti.ih Haiunx 
\c\roBHH xen.fioo6iueHa. 06pa6oxKa onbixHbix ztaHHbix c Hcno.ib- 
30BaHneii B KanecxBe onpeaenniomero paa.Mepa V ?"npoBoj,iHiacb 
Bbime. no.iiXieHHbiH.B 3xo.ii c.iyqae pasOpoc xoneK ox bosmoth- 
Hon ocpejlHHiomeH yniiBepca.ibHOH KpHBoii cocxaB.inex ±:327o- 
.Hiimb ii.iH mi.iHHApa B .ho6oh opneHxauHn, mapa h npoAo.ibHo 
ooxeKae.Mon h.ihxu ytowcex 6bixb vKaaaHa eAHHaa aaBucHAjocxb 
c oxno^Hxe.ibiib! \i pa.iOpoco Xi xoqeK ±10®'i 
ins 1 I- • 


C xoHKH apeiiHH ooocHOBanHocxii onpeae.iHiomero paaiiepa 
Bbioop stmqeHHH F/P,\\ 6o.iee onpaBZiaii no cpaBHennio c Be.m- 
qnHOH y F , xaK Kan bxoahuihh b 3Ha.MeHaxe.ib nepHMexp Mn/ie- 
•leBoro ceqeHHH yquxbiBaex ne xo.ibKo 4*opi^i>X ho h oxqacxn opu- 
eHxauHK) xe.ia b noxone. Texi ne menee o6pa6oxaHHbie no xaKofl 
MexoAHKe jiaHHbie naiox necKo.ibKO Oo.ibmHu oxHOCHxe.ibHwn 
pasOpoc xoqew. 

Te H-ce pe3y..ibxaxbi nojiyqenbi naMn ii npn o6pa6oxKe onbix- 
Hbix ziaHHbix no ('. 

TaKiiM oSpaaoM, nc- • Mu^i — 

no.ibsoBaHne V^/^, I' h ^ . 

F/Pyx B KaqecxBe xapaK- 

xepHbix paaxiepOB c 

u,e.ibio oOooiueHiin onbix- 
HbIX XiaHHblX o.aHOH Kpii- 
xepnajibHOH aaBHCHMO- . 
cxbK) B Hamnx Hccjie;io- m 
BaHiinx He npuBounx k 
nojioiKHxe.ibHbiM pe- 70 

3y.ibxaxaM — xoqKii Ha miu^ 

rpacjjHKax JioHvaxcn c 
oojibmuM paaepocoM. B 
3XHX H\e ue.iHX Hcno.ib- 
30BajiHCb H iipyriie Bapn- 7{X7 
anxbi no.a6opa TiiiHeftHo- 
70 pasMepa, ho Oesyc- 
nemno. 

BosMOH^HOcxb no.iyqe- 
HUH eHHHOH (popMVJlbl, 

Koppe,iHpyKDmeii ahh- ■ I 

Hbie no paa.niiqHbiM xe- 50\ 

,ia.M 0 He6o.ibmoH no- 2 3 5 7 w- Rtf 

xpeiUHOCXbK), .xianOBepo- Pnc. 14. PeayobtaTbi 3KcnepiiMeHTaobHoro iic- 
Hxna npe>KJie Bcexo no- c.ieaoBaHna npouecca Ten.noo6.MeHa Te.i pa 
xoxiy, qxo noKasaxe.ib .niMHofi KOH4)i.rypamiii; 

('TonPUTT nr»n Pa n j n n « — -WH Tpo.x pi!3HOBiiaHOCTeii onwTHbl.x TCvi, u 
CXeneHH npil Ke paajin .J.,„ ccmh pajMOBH.mociCH onwTHbix tc.t .(/ — map. 

MOH J.3H xe.l paSHOH ■■/j'J "z-Tohyc" fi) " 

cjiopMbi. Kpoxie X070, no ~ 

nxieiomiiMcn xeopexiiqecKHM aaBucHMOcxHM hcho, qxo cfiaKxop 
cJ-iopxibi onpejte.inexcH He npocxo oiiHenHbiM paaiiepoM, a Oo.iee 
c.io/KHOH aaBHcHMOcxbK) OX pas.iHqHbix napaxiexpoB npouecca. 
ocooeHHo B xypSy.ieHXHOM noxoKe. 

OunaKO a.iH npHS.xHHxeHHbix HH>KeHepHbix pacqexoB b onpe- 
ae.ieHHbix npeae.iax qnc.ia PenHOJibp,ca jaKyio Koppe.iHuuK) 
aaviKbix .MO>KHo no.iyqnxb sa cqex nojiOopa onpejie.iaioiuero paa- 
Mepa. B nauiexi c.xyqae npn aHaqeHunx Re= 10^ — 1,5 - 10-’ ,xyq- 
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mile pe3y.ibTaTb! j.ih oooomeHiiH (pnc. 14) ^taer iicnojibaoBa- 
Hue B KaqecTBe onpeiie^iHiomero pasMepa Pm/jt (npUBe^eH ;ma- 
Merp no MHTie.neBOMy eeMeHnio). 3 tot xapaKTepiibifi pa.-Mei) 
nojtcMHTbiBaeTCH iie.TeHHeM nepHMerpa .MH;ie.rieBoro ce^entni iia 
4 HC.TO .-T. B 3 T 0 M c.ivMae BKcnepHMeHxa.ibHbie to^kh no UH.Tnim- 
py B .TioSoii opueHTamui ii mapy c xo^HOcTbio ±5% oooSmaioxeB 
ypaBHenneM Bnaa 

Nu; =0,143 Re?-®'. (28) 

Bch rpynna iisynaewbix xe^i, sa HCK,;i]<:)qeHHeM KOHyca, pacno.io- 
yKCHHoro BepmHHofl K noxoKv, H AHCKa c nonepeqHbiM pacnoTio- 
TKCHHeM B noTOKe, MOJKex obiTb oO'be./inHeHa oSmen aaBnciivio- 
CXbK) 

Nu, ==0,125 Re?-®^ ( 29 ) 

MaKCHMajibHoe oxKJioHenne onuxHbix jiannux ox ocpexHH- 
Fomefi KpiiBoft He npeBbimaex i 18%. 

Hcno,;ib30BaHHe onpeAejiHiomero paswepa Pm/-, a CvieAOBaxe. 7 ib- 
Ho, H 4)opMy7i (28) H (29) bosmojkho Jinmb ji.i£ o6o6ui.eHHJi 
iiaHHbix no xenjiGoOMeny xeji, iiMeiomHx xpexMepnoe iis.Mepe- 
Hiie, X. e. 6o,'ibmnHCXBa xeji KOHenHbix pasMepoB, npu.Me- 

HneMbix B xexHHKe. 

TaKHM o6pa30M, no.iyneHHoe ypaBHeHHe (29) c xoqnocxbio 
± 18 b TinanaBOHe Re ox 10^ 71,0 1,5- 10^ nosBo.xnex paccqnxbi- 
Baxb npopecc xenjiooS.MeHa Maxepnajios pa 3 .^iHqHOH Konffmry- 
pau,HH, oSxexaeMbix BoanyxoM. 3xo onasbiBaexcH oco 6 eHHO Baav- 
HbiM B npoueccax cymKH, xiie npHxoTiHxcH HMexb 7 ie,qo c xe.ia.Mn 
ne TO.TbKo K.xaccnqecKOH (fjopitibi, ho h So.iee cjiotkhhx (jjop.M. 

Haa,o nojiaraxb, qxo no.xyqeHHbie Bbime 4)opMy,Xbi, xapaKxe- 
pHayiouiHe KOHBeKXHBHbni xen.nooSMen xe.x paajiHqHon reoMexpu- 
MecKoi'i (fiopMbr c BbiHyxvTieHHbiM noxoKOM raaa, a xaK>Ke 0606 - 
mcHHan npHdTiHJKeHHaH c})opMy,xa (29) naftTiyx npH.MenenHe n 
B Tipymx oQjiacxnx xexHHKH, b mbcxhocxh b npaKiHKe pacnexoB 
xen.xoo 6 MeHHbix noBepxHocxeft koxjiob. perenepaxopoB xepMii- 
qecKHx neneft h x. 71 . 
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A- li. 

r TEnJIOOBMEH njIACTHHbl 

C HAHAJlbHblM HEOBOrPEBAEMbIM yHACTKOM 
B TyPByjlEHTHOM flOTOKE 

BillIHHUC H 3 M d.T bHOrO H606orD(r'RTPMnrf'i \-iio 

npoAO.ibHo o6TeKae.Moro UH.iHHiipa 7a. 

OKo.ibKo [4. 5. 91— MecT.^n.". SI,-. . ’ 

ipf.ierciB,7eHi,i B BHj,e cTenenHon (liop.Mv.iw 

Nu-cRe''-^A\ (j) 

HOro''HeoiorpeB7e“ 

HOfi 06 TeKaHna / > '•^’CTKa /„ no cpaBHeHino c noaHofi xin- 

06 Jmt i'l-a'*-’" SMIIHPlineCkVK) .bopMVJV 76010- 

noTOk-e Bo?iiyxr"“ no-iiiHopa a Typ 6 yoeHTHOM 

Nu ==0,028 Re".* |i , 2 , 

peH^eTBoif B 'bo^i CBoox onuTOB c ..cna- 

rpeBaLoro*yo^^r°B°-''^’;? 6 y;;PeH™-r- 

K'u=- 0 , 035 Re".*ll-(/„. 0 ”*r"". ( 3 ) 

Bi.o.™“oBepxHoc™: Pacnpe, 5 e.ieH,„, TeMnepaTypa, 

I\u^. = 0,0289 Rey ''Prf '-33 [j _ (-v„/a-) 3 !^ ^nj_ 7 , 3 c. ■ 


oOMeH? "o-iyiiM aia cpeAHefi nnTeHciiBHocTn ren.io- 

Ivu = 0,036 Re".spr 0 . 33 [i _,,__yp,i„p 35 |, _ ^ 

:ZcbZ~° -o6orpe3ae«oro ynacTKa. ^Oh',? Z™?,, 
Nu 3 - 0,0307 Reo.s (/„//)-o.uu 

NUv = 0, 0296 Re®’® Pr^-sa [ i _ o ^ 

ASSISI 

isfsiai 

c onbi?oM cjivqal?77 u * npasHaiOT coB^a,^eHHe pacqeTOB 

EilsE=s= 

Nuo = 0,0307 Reo.s " 

<top.viy,ia (8) .lyame, ae„ jpypHe, OTseaaeT (jaBiinecKuMv 
™''' Hycce/BTa 4? 
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KpnTepHii Tenjioo6MeHa BbiMHC.iHeTcw no AvUine nacTH imuTbi, 
ynacTBytoineH b renjiooSMeHe. 

AM6pa3HBHHK)c [6] BbinojiHii^ 3KcnepHMeHTa./ibHoe liccjiCAOBa - 
Hue cpe;i;Hero Tenjioo6MeHa nTiacTiiHbi c Haaa^bHbiM HeoSorpe- 
BaeMbiw yqacTKOM b rypSy^ieHTHOM noTOtce Macjia, Boa,bi ii bos- 
;iyxa. ZI-th Typ6yvieHTHoro TeneHiia noTiyneHa aaBHCHMOCTb 

Nuo = 0,037 Reo-s (Pr^-/Pr^,)^*-^ (9 ) 

H.TH BOSAyxa 3Ty (fiopMy.iy mohcho sanwcaTb b Biiae 

NU„ = 0,032ReS’". (10) 

Oop.Mvna (10) H.Meer TaKoii >Ke bha, Kan oSmenpHHHTan aa- 
BHCHMOCTb aah TenAOoO.MeHa HAHTbi, oOorpeBaeMoii no Bceii 
A.iHHe. ripn 3TOM b 4)opMyAe (10) KpHTepnii Peiino.ibAca, waK 
11 KpuTepnn Hyccenbra, BbmncMHeTCH He no Bcefi AAiine /. 
a no AJiHHe oOorpeBaeMoii nacTii lo. Tanoe coBnaAenne Muxees 
nO] oO-bHCHHer tom. mto npn BoaHHKHOBenHii rennooSMeHa b ryp- 
OyACKTHOiM norpaHHMHO.M c.loe npoHcxoAHT TaKiie peaKHe H3i\ie- 
HeHHH, HTO BCH npeABapHTe.ibnaH noAroroBKa crpvKTvpbi era 
cboahtch Ha Her. 

onpeAe.neHHH b.ihhhhh naqaAbHoro ynacTwa na nnxen- 
CHBHocTb Ten.Jioo6MeHa Obuio BbinoAHeno 3KcnepHMeHTaAbHoe 
HccAeAOBaHHe [11], Onbixbi npoBOAHAHCb b aapoAHHaMnnecKoii 
xpy6e saMKHyxoro xnna c aaKpbixbiw paSomiM yqacxKOM [12J 
MexoAOM cxauHonapHoro xenAOBoro noxoKa. rioxoK xen.ia onpe- 
AeAHACH no Oa.xaHcy pacxoAa BOAbi aah Ka>KAoro KanopnMexpa 
c yqexoM noxepb xen.na n Ayqncxoro xenAOoOMena. B paooxe 
npHHAXbi CAeAyiomne AonymeHnn. 

1. PaccMaxpiiBaexcH oOxeKaHne n.xacxHHbT HeorpaHimenubiM 
noxoKOM. 3x0 ycAOBHe Aocxnraexcn tcm, qxo ceqenne moagah 
nAHXbi cocxaBAnex Menee 3% ceqeHHH paSoqero vqacxKa aapo- 
AHHaMHqecKofi xpyObi. 

2. ripn HaHMeHfauieH CKopocxn noxoKa w = 5 M'ceK n Tewne- 

paxype noxoKa tf = TO^'C na pacCTOHHini x = 0,2 .u (na nepBOM 
KaAopnMexpe) qncAO PefinoAbAca cocxaBAHAO Re,. = 5- 10^. Cxe- 
nenb rypOyAeniHOCxn noTOxa s 20^. Taxoro noxoxa xpn- 

TiiqecKoe qncAO PefinoAbAca pasHo Re^p=5-10*. Takhm o6pa- 
30M, Ha paOoqeM yqacxKe nMeex Mecxo pasBUTbifi xvpOyAeHTHbin 
norpaHiiqHbin CAofi. 

3. BAHHHiie mepoxoBaxocxH noBepxHOcxn He yqnxwBaexcH. 
Hcc.neAye.MaH .MOAeAb HMe.xa MeAHyio niAntliOBanHyK) nosepx- 
Hocxb. Cqiixaexca, qxo a.th xaKnx noBepxHocxen Bbicoxa oyrop- 
KOB uiepoxoBaxocxH cocxaB.XHex npuMepno 10 ^^ m. ToAUinna 
rHApoAHiia.MnqecKoro norpaHnqHoro caoh na paccxoHHHH 0.3 . 1 / 
ox nepeAHero Kpan npn HanSoAbmen cKopocxn noxoKa u = 
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Pile. ]. SaBIIClI.MOCTb MecTHoro ko- 
■:i4)(})nuiieHTa KOHBeKxuBHoro renno- 
oOMena a or Aniiiibi o6TeKaHHsi .v 
iipir paccTOHiiiiir ox nana.Ta o6orpe- 
Ba .Vo = 0,01 .ir: 


=-0,0003 M. 

4. B KaqecxBe mccxho- 
ro BHaqeHHH KoscjjtJinnneH- 
xa xenAOoOMeHa npHHHxo 
cpeAHee sHaqenne ero aah 
cooTsexcxByioinero Kano- 
pn.Mexpa. ToqHocxb xaKoro 
npnOAHAxeHHH HaXOAllXCH 

B npeAenax norpemno- 
exM onbixa. BbiqiicAeno, qxo 
Ha LUHpiiHe nepeAHero 
KaAopiiMexpa, rAe nsMe- 
Henne a no AAiine Hanoo- 
.lee pe3Koe. K03(|)(J)imneHx 
xenAooO.Mena nsMeHnexcH 
Ha Z'Z, a Ha nocneAHeM — 

Ha 1,8%. HaMeneHne a na 
Bceii oOorpeBaeMon qacxn 
nAHXbi cooxasAHex 1507o 
ox ero cpcAHero SHaqeHHH. 

HccAeAOBaH AnanaaoH qii- 
ceA Re ox 6 • 10-^ AO 4 • lO'^ 

H Reo OX 2.10'^ AO 2 • lOZ 
BHaqeniiH .v'o/a* nsMCHHAHcb 
OX 0,02 AO 0,3/3. Horpeui- 
Hoexb onbixa oneHena 

B ±:107o. 

BaBHCHMOcxb MeexHoro 
K03C|)(t)HmieHXa KOHBeKXUBr 
Horo xenAooo.Mena ox noA- 

HOii A.lHHbl ooxeKaHHH 

npeAcxaBAena na pnc. 1. 

Kax bhaho, aah pasAnq- 
Hbix cKopocxei'f noxoKa — 

3X0 npH.Mbie, napaAAe.xb- 
Hbie ocH aOcmicc (npn co- 
xpaHeHHH HensMeHHOH aah- 
Hbi oOorpesa). x. e. ko3(}i- 
cjnmHeHx xenAooo.Mena He 
.naBHCHx ox aahhw ooxe- 
KaHHH. SaBHCHMOCXb 3 X 0 X 0 
>Ke K034»(})HnHeHxa xenAo- 
oOMena ox AAiiHbi oOorpeBa .Vq b pasAnqHbi.x xoqxa.x nAiixbi npeA 
cxaBAena na pnc. 2 n onncbiBaexcn (jDopMVAon 

( 11 ) 

(npn Bce.x cKopocxH.x noxona b xaqecxBe napa.Mexpa). 



l^QP4miVK(^wi}BmQJB a? Xb,m 
Pnc. 2. SaBHCii.MocTfa Meemoro Koarj)- 
(pifuneHTa Ten.xooOMeHa ox aabhm 060- 
rpeBa .w no.xHaa AAiiHa oOxeKaHiiH: 

1 — ( 


/: -- 0,343; 3 — 0.412; 

;opocTb itutokh; a — 4 5 
r, 10, B — 10 M/ceK 
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^ AnajiHS pHc. 1 h 2 noKasbisaeT, mto b yc.noBiiBx ;iaHHori pa- 
ooTbi 3HaqeHHH K03(|)4)HUHeHTa xen.ioooMeHa ne saBHcar or no.n- 
hoh ii.iHHb! oSTCKaHHa, a onpej,e.iaiotCH aHiub paccxoHHueM ox 
Haqa.xa ooorpeBa, x. e. xihhom Macxii n.nnxbi. vqacxBvtomefi 
B xen.ioooMeHe, ii cKopocxbto noxoKa. 

Bte ixaHHbie no xen.ioooMeny Hacxoamero iicc.ieTioBaHiia 
MOTKHo oniicaxb oaHon 3aBnciiMocxbio. eo.nt b 4>opM\\iy bbccxh 



12 7/^ 1.6 W 2fl 2:2 2.^ 29 iP J.S 


Pile. 3 . 3aBiiC!iM0CTb XIH MecTiioro TenriooCMeHa b Kpiire- 
piia.ibnoii (jiODMe. OTHOuieHne .vo/.v panno cooTBexcTBeuHo; 


cHMnji6Kc (xqJx) . PeayMbxaxbi xaKoii o6pa6oxKH npea.cxaB.TeHbi 
Ha pijc. 3. 3ry saBHCH.MOCXb mo>kho aanneaxb b bh^c 

NU;,,o = 0,026 Re2--* Pr« 33 (av',v)°’^^ - (12) 

To oScTOflTeTibCTBO, qxo iiOKa3aTe.nn cxeneHii npw (av-v) ii Re, 
paBHbi MeHvAy coSoft, iiaer BosMOKHoexb ynpocxiiTb Bbipa^eHHe 
oOniefl saBHCHMOCTH ii sanHcaxb 

Nu^ 0 = 0,026 Re":® Pr«'33. (13) 

fI>opM\via (13) aHa.TorHHHa oSmeHSBecxnoii aaBucHMOcxH ji.nH 
xen..ioooMe;ia npoiio.xbHo o6xeKaeMOH xpvSbi npH TvpGyjieHTHOM 
norpaHHquo.M cjioe. JlHiub SHaqeHne nocxoHHHOH Ha' 10% HH>Ke. 

TaKH.M o6pa30M, peaxMbxaxbi naoxoamero Hcc.TenoBaHHH 
nOilTBep>K7iaK3X BblBOZlbl ApyTHX aBXOpOB [6, 10] o xo.M, qxo JI.XH 
paeqexa xen.xoooMeHa npoao.ibHO o6TeKaeMOH n.inTbi c Haqa.ib- 
Hbi.M HeoSorpeBae.Mbi.M yqacxKOM b xypoy.xeuxHOM noroKe Boa^iy- 
xa MOJKHo no.ibsoBaxbCH saBHCHMOcxbK) n.^HXbi, o6orpeBaeMOH 
no Been a^iiHe. Opii 3xo.\i b KaqecxBe onpeae.iHromero paaxiepa 
KaK X 1 H MHc.Ta Hycce.Tbxa, xaK ii a-th qnc.ia PefiHo.ibjica c.xe- 


jyex npiiHH.Maxb He no.THyio aaimv n.mxbn a .xniub qacxb ee 
\ qacxByiomyK) b xen.xoo.6.\ieHe. 

Cxeavex saMexiixb. nxo b nc.xobhhx nacroamero ncc.ienoBa- 
hhh Becb xen.xooo.MeHHbiH yqacxoK obi.i pacno.xo>KeH aaa.iH ox 

rnaHHqHoro*'??o«"'^*''^‘''’ ^o.niuHHa rH;iporiHHaMiiqecKoro no- 
xpaHHqHoro C.IOH npaKTHqecKH yjKe He pacxex. Oosxo.mv mothho 
cqHxaxb, qxo HHxeHCHBHocxb xen.ioo6MeHa no.xHocxbio onpejienH- 
excH pasBHTneM xenjioBoro ncrpaHnqHoro cxioa. x. e. paccxoH- 
HHe.M ox Haqana oSorpeBa. BepoaxHO, axoro He.xbSH yxBepTKjiaxb 

OqeBHixHo, xopua C.ienyex npuHHMaxb bo BHiiMaHne h 
aOcOciioxHbie Be.nHmiHbi /„h /q. 

06o3HaqeHMB 

ooTeKaHiia: /„, .v„ - a-iima HeooorpeBae.Moro VMacTKa' / v - 

- f/v rr" P'- = v,a-KpHTepHf, npaHAT.XB; R^fi/ v^ReV- 

— rr/o/v — cpeAHee BHaMeHiie KpHTepiiyi PeiiHo.ibAca; Re.. u r v Re — '/yr 

MecTHoe BHaqeHne KpiiTepiia PeiiHOAbAca; Nu = a / > Nu - a / ~ 

SHaqeHne KpurepiiH Hycce.ibTa; Nu,= a.v>. \ru I = a r /“I- 

Hue KpiiiepiiH Hycce.xbxa. ' - • .^.o a.io /. micxhoc anaMc- 


JlHxepaxypa 
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n. A. HOBHKOB. B. \\. C.MO.lbCKIiFl 

HCCJIEAOBAHHE PACnPEflEJlEHHJl 

TEMnEPATypHoro noji5i 

ME)KAy nAPAJlJlEJlbHblMH CTEHKAMH 
nPH CybJlHMAUHH B yCJ 10 BH 5 IX 
BAKyyMA 

Hcc.^e;^OBaHHe hejichuh nepenoca xen.ia Me>Kay napaA.ie.ib- 
jJbiMH CTeHKa.Mii npn ecxecTBenHon KoiiBeKunn b vc.iobhhx BaKv- 
V-xia npeACTaB.iHer HHxepec b neKOTopbix orpacnax xexuiiKn. 3xo 
.MO>KHO oxHecxH K HB.xeHiiHM nepeHoca xen.na h BemecxBa b npH- 
MoyroJibHbix KaHa.iax. me.inx h Apvntx iin>KeHepHbix coopv- 
>KeHHHX. 

Dpii HopMa.TbHbix axMoc(f)epHbix ycAOBiiHx ABii/KeHHe raaa 
n.xacxHHaMii sbisbiBaexca pasHocxbto ero iijioxhocxm b 
rpaBHxauHOHHOM none. OiisuMecKH xaKOH noxoK mo>kho oniioaxb 
Ha ocHOBaHHii vMexa xex (i6x>eMHbix cii.i, Koxopwe ero Bbi3bi- 
BaKJX. B aaHHOM c.iyqae xanuMn o6x.eMHbiMii cu.iaMii hb.xhjoxch 
CHA bi XHTKecxn. a pasHocxb n.ioxHocxeii aah OAHopoAHoro rasa 
Bbi3biBaexc5i rpaAiteuxoM xe.Mnepaxypbi Me>i\Ay nAacxHHaMH. 
ycAOBHH xenAoo6MeHa NievKAy n.xacxHHa.MH Moryx cymecxBeHHo 
HSMeHHxbCH, ec.xii .AieHHxb -MecxonoAO/KeHiie ii paccxoHHue .Me>H- 
Ay nAacxHHaMH b rpaBHxauHOHHOM no.xe. HanpuMep, ABHAienne 
rasa okoao n.iacxHH, pacnojioHveHHbix ropiisoHxaAbHO, Hxieex 
IIHOH xapaKxep, hom ABH/Kenne, ooycAOB.xeHHoe BepxHKa.nbUbiM 
pacnoAOKenneM. aI.th nAacxnH, pacnoAO>KeHHbix ropn30Hxa.ib- 
Ho, KOHBeKmiH MOHvex oxcyxcxBOBaxb, ecAii xe.Mnepaxvpa Bepx- 
Hefi nAacxHHbi Bbiiue xeMnepaxypbi Hii>KHeii. 

JIah rasa, n.ioxHOCXb Koxoporo yMeHbuiaexcH c pocxoM xe.v!- 
nepaxypbi, xe.Mnepaxypnoe none o6ycAOB.xnBaexcH xeM, mxo caoh 
MCH buieH HAOXHocxH pacHOAaraioxcH HaA Qonee n.xoxnbiMn. 
B 3XOM CAyqae ycxanaBAiiBaexcH exauHOHapiioe cocxoHHue. npn 
KoxopoM KOHBeKXHBHbie noxoKH He B03HHKaK3x H nepenoc xenAa 
ov’Aex ocymecxBAHTbCF xoabko xenAonpoBOAHOcxbio. iicKAioqaH. 
KoneqHo, paAiiamno. 

B CAyqae ecAii nAacriina, pacnoAO/KeHHaa cBepxy. n.Meex 6a- 
Aee HifSKvio xeMnepaxypy. qe.M hhtkhhh, BOSnnKaer noxoK xenaa 
ns 


nOK-a^nn BbI30Bex KOHBeKXHBHblX XeqeHHH AO XeX^nop 

noKa npoH3BeAeHne nnceA Gr • Pr Maao. Dpii BepxiiK-lxb^' 
pacnoAOTKeHini nAacxiiHbi, KoxAa paccxoHHjie motkav nAacxHHaMVi 
Menne rasT reMnepaxyp BbisbiBaex unpKyAHUHoHHoe xe- 

I.o yKasaHHbix xpex CAyqaes xenAoo6.\ieHa Me>HAv nAacxii- 
CfbeoHmi^x^R^^ Te.MnepaxypHbix KpHBbix npn Hop.MaAbHo.M axMo- 
tfpepHOM AaBACHKH pasAHqeH. 

C y.MeHbmeHHeM o6mero AaBAennH rasa mcthav nxacxiiHaM.r 
KOHBeKXHBHbie noxoKH 0CAa6eBaK)x h xeMnepaxvpHbi^e KmiBble 
iMeiox ooAee noAornii xapaKxep, qeM n0A06Hbie%HBbie^ axh 
HAOXHOH cpeAbi. npH xenAooS.MeHe b paspeTKCHUbix ^rasax xoi- 
UHiHa xenA^oro norpamiqHoro caoh snaquxeAbHo ooAbme qeM 
npn axMoc(})epHOM AaBAeHHH. C noHii>KeHneM AaBAenim ' oHa 
\BeAHqHBaexcH. BcACACxBHe paciiJHpeHHH norpannquoro cxoh non 
renAoodMeHe b BaKyyxie MOAeKVAnpHbie npoueccbT nepeHoca « 
qnnaioT yA<e npHo6pexaxb BaxvHoe snaqeHHe. Opii hiisiLm Aanxe 
hhh OKpyHvaiomeH cpeAbi KOHBeKxuBHoe xenenne HacxoAbKtfoc'xa- 
oeBaex, hto nepeAana xenAa ocymecxBAnexcH toabko xennonoo 
BOAHOcxbKD H HSAyqeHHeM. OocAeAHee. KaK HSBecxHo ox Aa™e,mH 

nesaBHCHx, a HBAaexcH (jjyHKuneH Te.MnepaxvpHoro nanona q^ 

^ri'^^qSoBa^Bmnx^R'' MaxepnaAa n xapaKxepa pacnoAOH<eHHH 
jc.i, y qacxBOBaBiuHx b xenAoooMeHe. 

rnr?p TenAoo6MeHa, ocAOHvHeHHoro Maccoo6Meiio.M, x e 

KoxAa Ha noBepxHOCxH oahoh hs nAacxHn nponcxoAHx (basoBoe 
npeBpameHHe, xapaKxep pacnpeAOAeHHH xeMnepaxvpbi Me«?v 
nxacxHHaMH SHaqHxeAbHo oxAHqaexcH ox xeMnepaxypHoro no^n 
MevKAV nAacxHHaMH npn «qHcxoM» xenAoo6-MeHe^ TaKoe cvmecx- 
TCMnepaxypHoro noAH npii cvoAHManHH b ^cxo- 
?enxo r«ApoAnHaMHKon npouecca 

^laccooo.MeHa. Mxoobi ycxanoBHXb noAHvio riiAPOAHHH- 
AiiqecKyio KapruHy npoxenaeMbix hbaohiih npri cv6nHMamni 
B paspea^eHHOH cpeAe, Heo6xoAHMo snaxb pacnpeAexeHiie xcMne 
paxypbi, cKopocxen, AaBAOHnn n KOHueHxpauHffMe^AV 110^x0^ 

® npaKT„.ec"*B\SB„,\- 

Horo'Za P*><^"P^aeaeH„e Te«nepaTyp- 

CTaxbe npHBOAHxcH xapaKxep pacnpeAexe- 
hhh xeMnepaxypbi Me>KAy napaA.xeAbHbiMn nAacxHnLiH noT nx 
pasAHqnoM pacnoAO>KeHHH b rpaBiixauHonnoM noAe. 

leMnepaxypHoe noAe iiccAeAOBaAOCb aah xpex cxvqapR 
xenAo- n MaccoodMena: ^ CAxqaeB 

1) ropnsoHxaAbHoe pacnoAOTKeniie nAacxnH (sepxiiee oacno- 
a • 2> ropH30HTa.,BHoe paS- 

0 . ‘If, (HHJKHee pacno.no>KeHHe n.iacTiiHbi-Ha%eBaTe- 
AH), 3) BepxHKaAbHoe pacnoAoxenne nAacxHi;. 
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Ha pile. ] ripHBerteno pacnpejie.ieiine TeMneparypbi Me>Kav 
napa.n.ne.ibHbiMii nnacTHHaMH b c.TVMae «miCToro» xennoooMeHa 
npH oome.M .naB.ieHHH OKpvvKawmeh cpeiibi 30,6^533 «/.ii-. 

Kan BHiiHo H3 rpacjDHKa, npii iiB.MeneHnn Te.MnepaTvpbi n,ia- 
cTHHbi-HarpeBarenB .Mbi naG.iioiiae.M TOyKziecTBO KpuBbi.x paenpe- 
je.ieHHH TeMnepaxypbi. OpnqeM c pocxo.M xeMoepaxvpbi narpe- 
Baxe.riH xo.xinHHa xen.noBoro norpanHMHoro c.toh yBe.xnqHBaexcji. 
Ha 3X0M pHcyHKe paccxoHHiie ox noBep.xnocxii HarpeBaxe.in ooo- 
3HaqeHo y ii coexaBaaex 0,02 .u 
Me/K.ny n.xacxHHaMit. Kor^a no- yey 
BepxHocxb njiacxHHbi-HarpeBaxe- ’ [VT 

.iH iiMcna xeMnepaxypy 320° K, jy£/ — ^ 




. Pacnpe.ie.ieiiiie TeMnepar 
napa.n,ne.ibHbiMii n-iacTiin 
IH MiicToro Ten.ioo6>iena; 


. Pacnpene.ien 
Kay napa.i.ie.ii 


xo.imiiHa xen,xoBoro norpamiqHoro c,ioh cocxaB,iHJia 0,015 m . 
C _yBe,XHqeHiie.M xeMnepaxypbi noBepxnocxn HarpeBaxe.3n ao 
337° K cTt B 03 poc,xa 3,0 - — 0,017 m. Flpii jia.xbHeHiiieM VBejinqe- 
niin xe.Mnepaxypbi noBepxnocxii HarpeBaxe.xn 71,0 360 ° K h 373 ° K 
xo.xmiiHa xen.xoBoro norpannqHoro c.ion ( 6 ^ ) nepeKpbiBaex pac- 
oxoHHHe .Me^;i,y nnacxHHa.Mii. npeBbiinaa Be,iHqHHy 0,02 m . 
TaKHM oopaaoM, b yKaaanHo.M iiHxepBa,ne jiaB^xeHHft xojimiiHa 
xen,xoBoro norpaHHqnoro c.ion nB.iHexcH cJjyHKUHeft xojibKO xe.M- 
nepaxypbi noBepxHocxH HarpeBaxe,TH. Hpn sxom na.MeHeHHe pac- 
no.xo>KeHjiH n.xacxHH b rpaBuxauHonnoM none ne Bjinnex na 
xapaKxep pacnono>KeHiiH KpiiBbix nnn yKasannux xpex cnyqa.eB 
xennooSMena. B npene.xax norpamiquoro cnon xe.Mnepaxypa na- 
aaex ox ananeHun, oxHocamerocn k noBep.xHocxii nnacxHHbi, no 
xeMnepaxypbi rasa Bue nporpeBae.MOfi sohh. 

J20 


Ha pile. 2 npiiBonnxcn xapanrep pacnpeneneniiH xeMnepaxv- 
pbi Mencny napa.i.ie.ibHbiMn nnacxniiaMH, Korna na nosep.xno- 
ciH onnoi'i 113 nnacxiiH nponexonnx cJiasoBoe npeBpamenne — 
cy6nn.\iauHH. B KaqecxBe cy6.xii.MHpyeMoro Maxepiiana npiiMe- 
Hnncn nen (HoOl. Hponecc cyonirMaunn npoxewan npii oome.M 
naBneiinii OKpyjKaiomeii epenbi, panno.M 30,6 h/m~. Cy6nHMnpye- 
Man nnacxiina pacnonaranacb na paccxonniin ^'=0,02 -.n'ox 
nnacxHHbi-HarpeBaxe.TH. Te.nnepaxvpa noBepxnocxn narpesaxe- 

nn nsMenn.iacb ox 315 no 363° K 

(KpiiBbie /. 2. 3 noKasbiBaiox '' 

-xapawxep nsMeneniiH xeMnepa- 
xypbi Memny nnaoxiinaMii npii 
pas.TiiqHon xeMnepaxype narpe-'^^'^ 

Baxe.in). Ms piicynna siinno, qxo 
KpiiBbie liSMeneHiin xeMnepaxypbi 
iMe>Kn>' nnaoxiinaMn npn cyo-JOO 
nuMamiii b paapeTKennon ope- 
ne iiMeiox cnoavinbin xapanxep. 

Ha pile. 3 npiiBenen xapan-i^sj; 
xep iiaMeneniin xeMnepaxypbi 
Mencny n.iacxHnaMn npn noexo- 
nHHoii xeMnepaxype n,Tacxnnbi- 0^0 
HarpeBaxenn non xpe.x cnyqaes 
xennoodMena. 

• Ananiis axnx rpacjDiiKOB nona- 



3biBaex. qxo npn cydniiMamin 0 4 8 12 16 y 

Bemeexna b ycnOBnn.x BaKyyMa Puc. 3. Pacnpeneae.n.e le.MnepaTv- 
xapaivxep i-cpiiBbix naMeHennn pw Me>K.ay napa.i.ie.ibHWMn nnaern- 
xeMnepaxypbi Me>Kny liccnenye- nna rpe.x ciyMaeu Ten.io- 

MbiMii odbeKxaMii nMeei- do.xee oSMena: 

cnoJKnyio saBiicuMOcxb. qeM b tVihooPmch”' npl, 
cnyqae «qiicxoro» xennoooMena. (c,„h;), 'L 
ypaBHenne KpiiBoii paenpenene- o-o.ni.Mnu,,,, (h,o) 

Him xeMnepaxypbi n rpaniiqnbie 

ycnoBiiH B cnyqae xennooSMena npn naniiqiiii cydniiMamin oynyx 
snaqiixenbHo oxnnqaxbcn or cooxBexcxsyiomnx ypaBneniin nnn 
«qiicxoro» xennood.Mena. B cnyqae «qncxoro» xennooSMena, Korna 
xe.Mnepaxypa onnon 113 nnacxnn pasHa xeMnepaxype ORpyrnaio- 
men epenbi Bne norpaniinnoro cnon. xeMnepaxypnoe none MeJKnv 
napannenbHbiMii nnacxnna.Mn nnn xen,ioo6.MeHa HMeex cfiop.My na- 
paoonbi, II pacnpeneneHiie xeMnepaxypbi b npenenax norpanini- 
Horo cnon mokbo oniicaxb cnenyiomiiM ypaBHeniie.M: 
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oooscacocj 


HaropR^r^' noBepxHocra njiacTiiHbi- 

HarpeBareaa, T, - reMneparypa cpeau bhp norpaHHBHOro CJioa. 

® SajaHHOfi TOMke 

nTO?Ln„,f ? i/-paccTOHHHe jaejaav 

n.incTHHaMH, To.imuHa renaoBoro norpaHimnoro caoH 

Biiam yPaBHem.e yaOBaeTBOpaer caeayiomiiM rpaHuMHUM ycao- 

0 = npll 1/ = 0 , 
d = 0 npn // = 0^ . 


. 1 . A. OAHHrO.TbH 

MHTEP<I>EPEHUHOHHbIE H 3 MEPEHH 5 I 
MACCOHEPEHOCA B TyPByjl EHTHOM nOEPAHMHHOM 
CJIOE nPOHHUAEMOU nOBEPXHOCTH 

CpeAii OHTimecKHx MeroAOB iiccne^oBaHHH npoueccofi reiiae- n 
MacconepeHoca oahhm H 3 HaitSo.iee coBepmeHHbix n vaooHbis na- 
.ineTCB HHTep(|)epoMeTpnqecKHH. Oh nosBo.njieT HaaejKHo n c bh- 
COKOH TOHHOCTblO npOHSBOAHTb He TO.lbKO KaqeCTBeHHblH, HO II H?- 
iiocpeACTBeHHbiH Ko.niiqecTBeHHbiH ananiia KOHBeKXHBHbix npouec- 
coB nepeHoca. p ^ ^ 

^cneuiHoe npiiMeHeniie aroro MeroAa HCc.3eAOBaHHH xeii- 
.-looCMeHa B ywoBHHx cbo6oahoh KOHBeKmni Haqa.xocb cpaBHii- 
Te.ibHo AaBHo. OjiHaKo noBbimeHHbifi nHrepec k iinrepdiepeHmioH- 
HOMV MCTOAV B Hoc.xeAHee BpeMH oSycRioBjieH noTpeSHocTfliaH n 
paaBHTneM hoboh TexHHKii, Heo6xoAHMOCTbio Hcc.ieAOBaHHa HBcie- 
HHH, CBHSaHHblX CO CBepxSByKOBbIMH CKOpoCTHMH li VaapHblMH 
Bo.iHaMH. 3 thm MexoAOM no.ibsyioxcH xaK>Ke npn HsvqeHiiH npo- 
ueccoB ropeHHH. An4)(})y3HH, s.ieKxpo.riH^a, ptiCXBopeHiiH n X ;i 
L.xo.rib miipoKiiH AiianaaoH.npiiMeHeHHH imxepdjeposiexpiiqecKQro 
-viexoAa oe-bHCHHexcH phaom cymecxBeHHbix npeinvfvmecxg no 
cpaBHeHHK) c Apyrii.MH Mexo^aMn. Box ocHOBHbie iis hhx. 

McKjiKiqaexcH Heo6xo7iHMocxb BHeceHiin b Hsvqaentoe <npocx- 
paHcxBo pasjinqHbix AaxquKOB H npH6opoB-H3iffepHxeneH, Koxopbie 
CBOHM npHcyxcxBiieM HCBa>Kaiox iiavqaeMvio KapxHHv B oxaejib- 
Hbix cnyqaHX, b qacTHOCxii npii ABHvKeHHH xasa c oo.ibiHHMM ckq- 
pocxHMii iKTif npn xeqeHHH ysKiix cn.xbHo ncKpuB.xeHiibis RanaaoB 
3X0 npenMymecxBo cxanoBuxcH peuiaioiHHKr. 

MexoA oC.xaAaex Sojibuioft qvBcxBiixe.ibHocxbK). B KanearSts 
iipiiMepa MOTKHO yKasaxb na to, qxo oh nosBoanex eSHapv^MTb is 
PHAK^^O BSMeHeHHH xeMnepaxypbi n^oxffero rasi n©- 

HHTep^iepoMexpiiqecKiiH jiexoji jaex BO3!«o5KH0cTb Hcceieae- 
Baxb npouecc bo bcom iiByqaewoitf npocxpaHcxBe. tloaxoMy oh ne.- 
saivieHHM npii BcecxopoHHem (jJiisiiqecKoia uccae^oeaHMH nonefl 
xeMnepaxyp, KOHueHxpamift n naBneHMH noxoKOB. nnawen m t. %. 

3tiim MexojiOM moh<ho ycneuiHQ noabsoBaxbcH HGC£ie:^0B'a- 

123 
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HUH HeciauHOHapHbix, 6bicTponpoTei:uiomiix HB.ieHnu (tskus. Haw 
BspbiB, pacnpocrpaHeHiie \.T,apHOM Bn.nHbi ii ^poHiH naaivieHni 

B cii^ny pro npaKTiiMecKoft 6e3biHepmioHHOCTii. 

B aaHHOH pa 6 oTe craBiuiacb ue.ib c noMombto imrep^iepoiieT- 
pinecKoro Meroaa iisitiepiiTb nona KOHueHxpamift npuMecn (yrae- 
Kiic.ibitT ra 3 », B^tysaeMoH b ryporneHTHbiH norpaHimHbift cion 
iepe 3 npoHimaeMyro noBepxHocTb r. iisoTepitiiiqecKiix vc.ioBiiax. 



SKQnepMiMeHxa.ibHaH ycxaHOBKa npeacxaB.naex co6oh aspoAH- 
.waMHMecKMH KSHaei p?.30WKHyxoro xima c BaxpbixbiM pa6oqHM 
t'XBopoM 0,8 ji H ceMCHHeM 190X360 mm. B ero iih}khk)K) 

cxeHKv BMOHXHpoBaHa HCcjieayeMaa nopiicxaH n.xacxnHa (pHC. 1). 
BbiHyjKci,eHHoe aBM>KeHHe B03:iyxa b xpySe ocymecxBJiHJiocb u,eH- 
'^poSencHbiM <9.ieKxpoBeHxii.xBxopoM 3BP-6, CKopocxb HaSeraio- 
mero Ha n^iacxiiHy noxoKa njiaBHo BapbiipoBa.xacb cneuna^xbHofi 
SaABUTKROH BJl.lOXb J,0 40 MjceK^ HSMepiiXeJlBM CKOpOCXH CJiy>KlKn 
Ko?ii6MHiipoBaHHbiH Haca;i,OK Ohxo — npaHjix„iH. HcXH noaAspjKa- 
HMH sa^aHHoro ‘I’eMneparypHoro ypOBHH b xpy6e 6biji ycxanoBjieH 
sJieKxpHqeciiHH Harpesaxejib Boajiyxa MomHOCXbto 17 kot ® pery- 
jiupyiomiiM aBxoxp-aHc4)opxiaxopoiS PHO-10. ToqHocxb pery.xH-' 
poBKH xeMneparypH cocxaB.iajia nopH^Ka 0,2° C. 

yrJieKHC.xbiH ras no3aBa.acH b paSeqee x^o iia SaJiJioHOB no 
pesHHOBbri m.xaHrayi qepea ciicxeMy peayKxopoB, cftnjibrp ns no^- 
piicxoro T.ieTa.Xjxa, ciiJiHKarea^bift ocviiiHxe.ib, xepMocxax. Pacxoi 
12 . 


B;iyBaeiioro rasa aaraepancfl poxa.Mexpa/qii xiina PC ii no.y- 
aepHCHBa.iPH na 3a3,aHHOM ypoBHe c noMombK? rneiiiid Tbiibix pe- 
.xyKxcpoB. 

HaoxepiiuqHocxb norpaHnqHoro cnoa oOecviequBa^qacb xep/qu- 
craxitpoBaHiieii yrjeKiic^ioro rasa j,o ero nocxynjieHiig e Gxe:HK\ . 

Zl.iH KOHxponn xe.Mnepaxypb! noa,aBaeMoro rasa Ha ux(\ip 
B .iioj.enb n cxeHKy ycfaHOBjienbi Mej,b-KOHCxaHxaHOBbie xepwona- 
pbi AiiaMexpoa 0,0001 m. Hx noKasanna (jinKcnpoBanncB flyxeJH- 
UHoaexpoM P-306 n gyBcxBHxe.nbUbiM sepKanbHbiM ra-ii>BaHo\jpxo 
poM M-25/3. 

OnbixHoe xexo b BHjt,e nopucroH naacxiiHbi ns HepTKaBerameu 
-xaan pasMepaMH 0,28X0,035x0,005 .a sa;ie.:jbiBa. locb Ha snu- 
KCIIUHOM K.leK) B ceKuiioHiipoBaHHyro KopoOKV H3 opraHuqepRoro 
cxeKxna. OepBbie xpn ceKunn iiMeiox a^nnHy no' 0,023 .m, noc/ie.iMo- 
Luiie xpii ceKUHH no 0,07 m. KopoGi-ca ojiHoepeMenHo cxy>i\rix 
pecHBepoM ,y.XH B^tysaeMoro yrjieKiicjioro rasa. 

iliH ycxaHOBKH n.iocKocxH Mo.xe.xii b aspoAiiHaraiiMecKon rp^ - 
6e napa.T.7ieji,jHo CBexoBoivfy nyqKy imxepcftepoMexpa npnweHH.iacb 
npH.AioyronbHan npiisMa. Yroji oxKjiOHeHUH nyqKa ii 'iefi, na/tato- 
mero Ha 'npiisMy napajijie.xbHO rnnoxenysHOH rpann, ne npeBbi- 
uiaex 2 ceK. Hoaxoiviy npiisMa, ycxaHOBneHHan ninoTeHysHon 
rpaHbio Ha nnocKocxb }.f 07 i,eaH b aspoAHHaiUHqecKon xpvOe, He na- 
ivfeHHT HanpaBjieHiin nyqKa nyneH, ec.nn n.xocKocxb v'io/i.ejin napa, i- 
.nenbHa nyqK}'. OxKnoHeHiiH ox napaji.aenbHocxti oSHapyHciiBatox, :; 
Ha sKpane, ycxdHOB.ieHHo.M sa npiisMofl, b BHj.e jbohhoh xenn. 

HsMepeniie nojeft KOHu,eHxpam«i npuM'ecH npoiiSBoziiLxOcb ne- 
nocpeiicxBeHHO cxaHn,apiHbKa imxepcfiepowexpoM H3K-454.' ,D,.X 5 ! 
no.xyqeHn5i Han,e>KHbix Ko.xnqecxBeHHbix pesynbraroB npiiSop Bi. 
BpeMH 3»KenepiiMeHxa npe;ioxpaHHexcH or bchkopo poaa GOTpHCr- 
HHH H BHeuiHiix xeMnepaxypHbix Bosn.eHCXBiiH. 3Tor.» npe.xyc 
MaxpiiBaioxcH ocoobie sjiacxiiqHbie coejiHHeHiiH n xemoMsodnunn. 
npoiViejKyxKH j\ieH<jiy 3aLu.nxHbijMn cxeKnaJuii TpyObi n OKHaMM nii- 
xep4)epo-Mexpa xaK>Ke- orpa>Kn.eHbi ox OKpy>Kaioinero Bosayxa 3S- 
miixHbiMii «pyi-:aBaMii». Bojibuioe. nojie speHHn nosBo/inex oaho- 
3pe.MeHHo KOHxpojinpoBaxb norpaHiiqHbiH cjioh Ha Antme nopHAr^a 
0,22 M. AaHHoro iicvoqHHKa CBexa (pxyxHaa jiasJna cBepy- 

BbicoKoro AaBAeHiiH XlPUJ-250) yiio6Hee Bcero paOoxaxb b senc- 
HOH HacxH cjieKxpa- (A = 5,46 • 10^ jtut). I4Hxep4)epieHmioHHaH 
KapxHHa HacxpaHBaaacb na BepxnKajibHwe noaocbi KOHeanoft me- 

piIHbl. 

Ciae^iKa nsyqaesoro npouecca nponsBOAOAacb (f)oxorpa4)n4e- 
CBOH KagepoH aSenuT'Ca, CMOHxupOBaHHOH HenocpeACxBeHHo hA 
npnOope. /[.ocxaxoqHaH apkocte. TicxoHHiiKa cBe?a noSBOniicia nc- 
noAbsoBaxb b KaqecxBe cBexoqyBCTBiiTeiibHoro uax^pna-3a n^eHK?: 
«MHKpax-20Qs Ii «.'ttiiKpaT-300» c BbicoKifiw KoscjnJinmieHxos koh- 
^pacxHocxH _n 6 q^ btuoH paspSinafomen cjioco6HoCTbio (200 — 
300 jiuhamm). 

m 
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I3ec.MOTpa hh Hevojibjuoii paawep rio^aynatomerucH (|)oiy)CHHAj- 
Ka( jUiEMCTp 0,u2 ji) H Kaviiyio ToamHHy norpanimHoro c.toh, iih- 
.5ep(j3eporpa>iiP^'g no.nyiiaercH nocxaroMHO KaqecTBeHHOii h BfionHe 
npiiroAHon iioc.xeAViomeH pacmiK^poBKii. TiinimHbie iiHTeptjie- 
porpaMMbi AH(|)4)y3iioHHoro norpaHimnoro cjiofi na nopiicTofl n.ia- 
CTffHe c ii3i#TepH]i'iecKiiM BjiyBow yrjieKiicjioro rasa npeacxaB- 
^neHbi Ha (|)oxorpa4)HHX (pile. 2). Ha hhx oxHex.iiiBO bh7i,ho pasBii- 
Tue iifjrpAHiiMHoro cagn no jiTiiine n.iacxHHbi. a TaKH<e yBejmieHiie 



2. HHTep(j)epOrpa:aanr o6TeKaHHH nopHciofi 
laiscTHHfai c nsoTepaiiMecKiiM B;iy80M yraeKuC- 
aofo rasa; 

C ^ G = 0,&:>:V ce>i4 5 ^ O-I'TVi ^ ' 


CTO fOJfiuuHbi e pacxoaoM ne^asaeMoro raia. Paemfft^poBKa no- 
-lOCiHbiA; ii«Tep(j)eporpaRiM c BH;iHMbiMn na hhx HeBosMYmeHHbmii 
ne.xocaMH cbo:jhxch ng cymecxBy k onpe/iejieHHio BejiHnuHbi ox- 
KeioHeHna xiOiiioc OX Hx iiepBOHanaiXbHoro (HeBosMymeHHoro) po- 
.TojKOHna B c1io6om ceneHHH norpaHiiHHoro cjioh. CwemeKHe no.ioe 
Hfl PHxepcJieporpaMMe b axosi c.'iynae onenb y;i.o6Ho HSMepHXb 

Howdiubi© yHHBepcatJbHoro HSMepnxe^bHoro MHKpocxona 
^ HM-2K 3 tot MHKpocKon nosBOcanej npoHSBoaiixb HSMepentiH 
s .^Byx 83a^^xH0 nepneHjtHKVAHpHbis HanpaB^eHUHS (npoflOJibHoe 
riepeaiemeHne Q;2 m , nonepennoe — 0,1 m ) c TgqHoc-xbio iia 
O.QOI npa yBeanneHiiH t].o 50 pas. 

OnpeAe.qe,HHe KOHiieHxpauHH yraeKHcaorG rasa B ciaecH och©- 
sane hm xqsi, hxo onranecKoe noBea^nae siojieKyji ,iiio6oro rasa He 
SSBIICHX ox xero. Haxo-snxcH tia axox ras oxjieabfiQ hah b fejaecn 
e Rpj-rHijfa rasajaa [1„ 2 \. OoBxoMy? pe4)paKUHH Spg ©SpasoBaHEs 
©iteGOf? GS.a8^i83eTC5r ^^hxbbho^ x. 


Mo;iHpiiaH pe(|)paKur-iH letaoBOi!; KOMnoHCHTi)! ^oexarowHO xvhho 
B bipaHcaexcH b BHj,e 

f25 

no;icxaB.xHH (2) b H), HaS.a.eM 

/? — 1 = c(/M:o, — 1) + (1 _ e) .g) 

^ B paSoxe [3] noKasano, qxo noRasaxe^xb npejioigvieHHa b aiO- 
ooM n,xocK-oriapa.a„ie7ibHOM H&OAHOpo/iHos xeneHnif mojkho onpe- 



PfiCi 3- ripo^JH.iH ooT>eriHbi.y ico: 


j,ejiHXb no OTHocHTe*abHOM\ CMeineHiiio HHxapcbepeHHHOHHbrv 
no,/ioc e,Te.zi;yK)ui,HM oOpasosH: - -r- k > 

1 =;? 3 — 1 A A- . 4 ) 

^ Lb ^ - 

H3 cooTHoiueHHU ^3)' It (4^ noc;.ie Hec7io>KHbix npeoepasoBSHHH 
no»/iy miM 

C= ^ A. C c 

I (^Ch ^ b 

Bbiqnc,xeHHe eoHueHxpai^H yrvi^KHcjioro rasa b WorpaHHHHO’M 
c,xoe npOH3BO.aa7ioc^ no cJjopMyjie (5j, ^.z^e Be^/iHquHa Mb Onpe^ 
aejiH,xacb npH pacujH^poBK© HHTeptJieporpaMabi. KoHca-aSTbi /?£o 
hhSi’ ® 4>opMW,ny, onpeA^H^HCb c-ooxHonje® 

/zccfec-1 = A^._1IL.43 o.10-^a 

•= 760 
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t - ^ <r- JV Jig r 


HeB03^!yL^eHH0My iu)T<)Ky 


ilwpaMeTfjbi no3.T,y::ci oxHeceHb’ 

TDy6e. 

Pe3ynbTaTbi ii3\iepeHm'i KOHfieHTpaunn ymeKiicnoro ra3a b re- 
Mennu norpaHimttoro c\toh Ha paccTOHHiiii 200 mm ot Haqa.ia pa- 
ooqero yqacxKa n.iacxHHbi npn paanimHbix Bavna.v COo it CKopo- 
cxn. HaOeraiomero noxoKa 25 m/cbk npiineAeHbi Ha piic. 3 . Bilxhw 
yxo.xmeHita ii .xe^opMamia npo(|)n.'rH KOHueHxpauiin, cBaaaHHbie 
CO rayBOM. 

Ha pile. 4 npiiBeaoHbi npofpii.in KOHueHxpamiii npn paa.iimHOM 

■ Bj,yBe B oeapasMepHbix ko- 
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7 _^ opa,iiHaxa.\. Kan noKa.iaHo 
B paooxe [5], eymecxByex 
.1 line ii Has? 3 a b h c 1 1 m oe x b 

i\iea<iiy KOHueurpamieii ii 
K034)4)nuvieHX0M npe.iOM- 
.lemiH. C.ieaoBaxeobHo. 
cMememie iiHxop4)epeimii- 
OHHoii no.iocbi nponopmio- 
HaObHO II3MeHeHllK) KOH- 
ueiixpaumi, r o 


m 


0.1 QJ 0.5 07 09 

Piic, 4^ npocjjii.iit CKopooiefi n oTnociiie.ii>- 
::w\ VcoimenTpauiifi npn B3,vBciniin COj b 
iiorpamiqHwfi coui'i (u^ 25 M/ceK): 
ripiiljiil.in CKoiKint-il; # 0o:i U — G = 

ioHueHTpnniifl: 


A 

A^, 

A 

A... 


(7) 


'-G = 11.(1! 


niiDciin.Tii 


TaKiiM oopaaoM. no (J)op.\iy» 
.le (7) MOTKTio Henoepea.cx- 
«.i 250 i 3 -o.isxV sen HO paeemixaxb npocjin. ib 
oxHocnxeobHbi.x Koimen- 

rpamnl b norpanimHOM cooe npn BjiyBe yr.xeKue.ioro raaa. 

Ha piiCp 4 cpaBHeHHH nocxpoeHbi npocjDHoii cKopoexeii iipii 
oxcyxcxBiiu B.ayBa ii co BjtyBOM (G = 0,0938 KajM^ • cen) xth xoro 
B<e ceMeHHH. r,xe usMepHaiicb iipocpnoii KOHueHxpauun. HsMepeHiie 
i]pon3B03,n.iocb c noMombio MHKpoxpyOKii no.THoro nanopa. Fpa* 
cJiiiK yOeiiHxe.xbHo noKaabiBaex saxiexHoe paa.iiiMiie Me^K.xy iipo- 
CKopoexeii it fCOHueHxpamiii. 

OueHUM Bosmohvhocxii iiHxepcbepoMexpa H3I\-454 npii iismc- 
pennif KOHueHxpamiH ymeKiicaoro raaa. SaMexuoe CMemeHue no- 
ooc npH paciiiiKppoBKe iiHxepcpeporpaMM noji, >iiiKpocKonoM ('O- 
cxSiiTnex nopsi.aKri 0.00001 a:. Hpii Hopraa.xbHbix vc.iobjihx {p = 
= 760 aMm px. cx. m 7‘ = 293°K) JtiR aaHHoro SKcnepiiMeHxa i/.-* 
=S.46 • 10 '^ -I’jt, / = U,035 M, 5=0.00025 iicnoob3yH ypaBHe° 
mn (53 H (6). no.xyqaCi! HHHUija.ibHoe tiaxieHeHiie KOHueHxpa- 
uss^ oripsia^tn^qjsei? no SHXiptpepo^paJjiae r~0,4%. . 


0603 HaHeHH 5 l 

I — Mo.iHpHaH li.iii ofitCMHasi KOHiieHTpauiia npiiMecii; P P-. - fooTi'L'Tt 

lieHHo aanaeniic CMecii ii aoaay.xa; T. - cooTBercTHCHHo fe.MriepaTvpa cMeci- 
II B033\\a, /?. ~ <^ooTneTCTBeHHo noKaaaTe.nii iipe.ioMaeHij.a oiccn. 

B03x\ \a 11 - qo. apHaa p.-ippaKuiiH ra.^OBoii Ko.MnoiienTbi; 

•c \ HHBepca.iibHaa raaoBaa noexoaHHaa; / — luiipiiHa Heoa,Hopop,HocTn- / 

^ ' ^ScoaioTHoe CMemeHiie imxepciiepenuiioHHoii iio.iocbi; 

/> — pacCTOHHiie MeiKAV neHoaMymeHHbiMii no.xocaMii (iiiiipiiHa no.xoc)- // - nac- 
nOBep.xHocTii njiacTimbi; - ropiiaoHra.xbiiaH coexaH- 
aaiomaa cki^ocxh; r, - xo.ximma niapoaiiHaMiitiecKoro norpaHiniHoro c.ioh- - 
vrn^n, norpaHiBiHoro c.ioa; G — v.ie.xbHbiii Beconoii pacxo i 

xrjieKiic.ioro rasa, iiH.xeKCbi: — napaxiexpbi Ha oxeiiKe: cx3 - napaMcxpbi hc- 

B03Myui,PHHoro noxoKa. iiapayKxpbi ho 

JJ Mxepaxypa 

I. .1 aHACoepr P. C. OnxuKa. JI 3 .X. 4-e. .W.. I'ocxexiisAax, 1957. 
-Uyra.xeB B. IJ. 3KcnepiiMeHxa.xbnoe iiavMeiiiie xvpov.xeHXHorc 
HiiMiioro c.xoa na n.xacxHue npn BAVBaHiin Boa.xv.xa 11 vr.ieKiic xoro raxa 1 
3ByKOBO.M noxoKe. TpvAbi M9>TIi; Oooponnn 1959 

5. .1 11 X y lu 11 n B. ZtiiccepxamiH. M.„ 1952. ’ 

M. On3Maxr’?3."l962.^’' Ta6.xnub, (},n3.,MecK.,x „ x.iMimecKiix nocxoniiHb, 

^ ‘ r M 0 u ! t o n R. W'’,. P a t n a ni G. L. Interferometric Me-'s 

alem :V2! Streamline Flow. Ind Eii 
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B. c.wo.HbCKiin, 11. T. 3 .nbnEPnii 

BJ1M5IHME CMAHHBAtMOCTH ROBEPXHOCTM 
HA HPOUECCbl HEPEHOCA B CMCTEMAX 
KAHEJlbHAJI >KM^lKOCTb-TBEPZlOE TEJIO 

Boripoc o B.TiistHiin cMaMiiBaeMocTii noBep.xHocTu pasaena cjD<|3 
Ha npoueccbi nepcHoca b reTcporeHUbi.x cHCxeMax xinia Kane.ibHan 
/KiiaKocxb — xBepaoe xeao ao ciix nop eiue ne aocxaxoMHo uayneK. 
II B coBpeMeHHon .iiixepaxvpe o hom iiMeioxcH npaxio npoxiiBono- 
.io>KHbie MHeHiiH [1]. B xo'>Ke BpeMH BaiiHHiie cManiiBaeMocxii Ha 
xenno- ii xiaccoooxieH b xpextliasHbix ciicxeMax raa — >Kn.aKocxb -- 
xBepaoe xe.xo j,oKa 3 aHo 3 Kcnepii.MeHxa.TbHo ii no.TVMH.TO y>Ke oo- 
mee upiiSHaHne. 

TaK, Hanpii.Mep, oouienpnaHanHbiM nn.-iHexcn B.TiifiHne CMaMii- 
BaexiocxH na xennooSMen npii KOH.xeHcaunii n KiinenHii [2 4], 

3KcnepiiMeHxanbH0 sbiHB.TeHO xaK>Ke B-TiiHiiue cMaMiiBaeMOcxii na 
npoueccbi Macconepenoca b itaca.xonHbix sKcxpaKunoHHbix ko.toh- 
Ha.x [5]. 

B.THHHHe noBepxHocxHOH SHepniH xBep.T.oii (pasbi iia npoueccbi 
ooMena b axiix ciicxeMax oGyc.TOB.Teno Bo3i\io>KHOcxbio OKasbiBaxb 
B 03 j].eHCXBne na npeiiMvmecxBeHHbiu KoiixaKX MeTKuy oxjenbHbiMii 
(Ijasaxin cncxeMbi. oSnauaiomiiMn pas.TnnHon (fuiannecKOH aKxiiB- 
HOCXblO. 

.WHoniMii HCC.TeuoBaxe.THMH o6Hapyn<eHO BniuiHiie cMamiBae- 
xiocxii Ha xen.TooSxieH b uBy.xc^aaHbix cncxeMa.x vKhukiih xiexa.x.T 
nouepxHocxb narpeBa [4, 6]. 

yqjixbiBan 6onbiiJoe ripaKxiiMecKoe BHaMenne sxoro Bonpoca. 
B noc.ieuHee Bpexin b I ITnA\0 AH DCCP obino nocxaB.TeHO pHJ, pa- 
6ox no BbiuBneHiiK) B.THHHiisi CM anil BacMocxii Ha npoueccbi nepe- 
Hoca B rexeporcHHbix ciicxeMax KanenbHan .'Kiin.KOcxb xBepuoe 
xeno. Hacxb sxnx iiccne.xoBaHiin uana no.ioTKiixe.TbHbift pesy.Tb- 
xax, X. e. 6bino o6Hapy>KeHO B.TiiUHiie cManiiBaeMOCxii na npouec- 
cbi nepeHOca [1, 7].' 

B xo uce Bpe.MR b neKoxopbix paooxax obin no.xyneH oxpiiua- 
xe.TbHbiu pe 3 V.Tbxax. TaK, HanpiiMep, oTpimaxe.TbHbiH pesy.Tbxai 
ua.Tii onbiTbi c ManxHiiKOM, KO.Te6,Tiouj.iiMC}i b Kanenbuou >kiiuko- 
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cxH. OopaSoxKa noBepxHocxn .ManxHiiKa .iiioiJui.TbHbiMji ii .ino- 
(jioSHbiMu BeuiecxuaMH. a xaioKe auxiiBauiin Uviiukocxii He na.Me- 
HH,XH ae.KpeMeHx saxyxaHiiH KoneSaxeabHoro UBnu<eHiia Manxmi- 
Ka. Hn>Ke nsaaraioxcM pesyabxaxbi SKcnepiiMeHxoB, iipoBe.ueHHbix 
B HTiiMO AH BCCP. nouxsepuiiBUiiie b.tiihhhc cManiiBae.Mocxn 
na npoueccbi nepcHoca. 

BJlMflHHE CMAMHBAEMOCTH 
HA EHflPOAHHAMHqECKOE COHPOTHBJIEH HE TPVB 

Onpeueau.Tocb nupouuHa.MiinecKoe conpoxuBaeHiie xpeniiH 
npn xeneHHii tkhukocxii no xpy6KaM. Hpii npoBeueHiin sKcnepn- 
-MeuxaabHbix iiccaenoBaHiiii oco6oe BHiuMaHue oopaiuaaocb na 
cjuiauKo-xiiMunecKx HT nucxoxy BHyxpeHHeii noBepxHocxii iiccaeuye- 
Mbix xpySoK. HeoSxouiiMocxb omicxKii noBepxiiocTii xpvooK nepeu 
onbixoM Bbixeuaex 113 BsraHuoB coBpe.MeHHoii 4)H3imecK0H xiimiiu 
Ha npoueccbi apcopouHii, comacHo KoxopuiM moSan xsepuan no- 
BepxHocxb b pesyabxaxe HBaeniin aucopounii noKpbixa cmohmh 
axo.MOBji MoaeKva, nyuobix uaHHofi cjjaae. Kax iisBecxHo. 3xii ap- 
copSuiiOHHbie nacHKii cyiuecxBeuHo Banniox na npouecc BHeuinero 
xpeHiiH XBeppbix xea. .ToniMHo npepno.To>Kuxb xaioxe, nxo, .Menusi 
noxoHunaa cboSophoh noBepxHocxii xeepporo xeaa, 3x11 naenKii 
poa>KHbi OKasbiBaib BaiiHuiie xaioKe u ua xpeHiie tkiipkocxh o 
xeeppyio cxenxy. HpoBepeHHbie onbixbi nopxBeppiiaii 3 x 0 npepno- 
aonxCHue. 

OnucxKa noBepxKocxii xpyd ox apcop6npoBaHHbix naeuoK 
ocymecxB.THaacb iiyxeM npoxupaiuin ux noBepxuocxn bbicoko- 
piicnepcHbi.M aKxHBHbiM .MaxepiiaaoM (vroabHun nopouioK 
II X. n.) . 

Ha ocHOBaHiiM noayneHHbi.x paHUbi.x o BpeMenii ncxeueHiiH 
/KiipKocxH onpepeaH.TOcb sHanemie K03(|)(J)nuHeHxa xpeHnu xpv- 
oonpoBopoB, iiaroxoBaeiiHfaix iis pasannubix MaxepnaaoB: uaH 
PHcxnaaiipoBaHHOH Bopbi II Bopbi c pas.nunHbiMH auxuBiipyiomH- 
.Mll pooaBKaMH. 

Hpn npOBepemiH onbixoB c aKXHBHpoBaHHoii Bopou 6biao 
ooiiapy/KeHO, nxo cpaay nocae po6aBKn noBepxHocxHO-aKxuB- 
Horo BeiuecxBa luiKaKoro scfxJieKxa ne o6Hapy>KHBaexcH ii BpeMU 
HcxeneHHH ocxaexcu xaxH.M >Ke, iok pan pHcxnaanpoBaHHOu 
BOUbl. 

ScjDifieKx OX noBepxHocxHO-aKXHBHoro BemecxBa B03HHKaex 
nocxeneiiHO 11 . uocxiirHyB MaKCHMVMa, coxpaHHexca b naabneu- 
lue.M HeuBMeHHbiM. Zl-THxeabHocxb nepuoua cxaSiiaHsaunH ox 
nanaaa onbixa po uocxHTKeHUH MaKCH.Maabuoro 3c|)(|)eKxa Koae- 
6aaacb b npeueaax 1 — 10 muh h 6oaee. 3xo HBaenue mou<ho 
OO- bHCHHXb IlCXOilU II3 USBeCXHOXO B 4)H3HneCKOH XHMHH nOHHXHH 
o aaxeuxHOM (cKpbixo.M) nepHoue kbk o BpeMeun, ueofixouHMOM 
uau uocxH>KeHiiH noaHOH opueHxauHU aKxuBHbix (no.xHpubix) 
Moaexya Ha noBepxHocxii XBepuoro xeaa. 

13! 



' '""il l 


Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 



Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


CeoAHaii Ta6jiHi;a pesyjibTaroB HCCJieAoeaHHH no BUSiBjieHHio bjihamha 


Boj,a 




.liiCTii.n.iiipoBaHHaH 








aaryHb 


Bo^a aKTiiBiiponaHHaa (1"„-Hbin BOAHbiii pacTnop (|)eno.ia) . 

Bo;ia AiicTii.i.iiipoBaHHaa 

BoAa aKTiiBiipoBaHHaa (l"„-nwii pacxBop (JieHcxia) 

Boaa AiicTH.n.niipoBaHHa5t 

Boaa aKTHB]ii>oBaHHafl (1"„-Hbiii pacTBop (tieHo.xa) 

Boaa AiiCTibTi.xnpoBaHHasi 

Bo;ta aKTitBiipoBaHHan (1«„-Hbiii pacTBop (j^enona) . . . . . 

Boaa AncTH.ri.iiipoBaHHaH 

BoAa aKTHBiipoBaHHaa pacTBop (iteHO.aa) 

Boaa AUCTiiA.mipoBaHHaH 

Boja aKTHBiipoBaHHas (l«,|-Hbin pacTBop ({leHO.ia) 

Boja AiiCTji.i.niipoBaHHaa 

Boaa aKTHBiipoBaHHaH (Ir'y-nbiii pacTBop (jjeHo.xa) 

Boja AiiCTii.i.nnpoBaHHaB 

Bo^a aKTHBiipoBaHHaa (l<i„-Hbifi pacxBop cjjeHo.xa) 

BoP,a AHCXH.KXUpOBaHHaB 

BoAa anxiiBiipoBaHHaa (l'’,i-Hbiii pacxBop (t)eHo.xa) 

Boja aKXHBHpoBaHHaa (0,2%-HbTii pacxsop a.xiiaopiiHa 

KpacHoro C) - 

Boaa aKTHBHpoBanHafl (0,2«i,-Hbiii pacxBop a.inaopiiHa 

KpacHoro C npii Cj^qh “ 0.1/;) 

Boj,a ancxH.i.xfipoBaHHan . 

Boaa aKXiiBiipoBaHHaB ((),2«<,-Hbiii pacxBop a.xii3opiiHa 

KpacHoro C) 

Boja aKxiiBupoBaHHafl (0.2<;n-HbiH pacxBop a.HBopiiHa 

KpacHoro C npii Cj^qh O.Ol/z) 

Boja AiicxjiJi.iupoBaHHaH 

BoAa aKxiiBiipoBaHHafl (0.2%-iibiti pacxBop annaopiiHa 

KpacHoro C) 

Boxa aKxnBiipoBaHHafl (0,2«y-Hbiii pycxBop a.iioopiiHa 

KpacHoro C npii Cj-qj.] =0,01/;) 


MPAb 

cxeK.no 
cxa.Hb ^ 


.laxyHb 


Aiopa.xioMiiHJii'i 


cxeK.io 


.laxynb 


06pa60TaHHbie B COOTBexCTBHH C H3.10>l\eHHOH MeTOilHKOii 
pesyjifaTaTbi Hcc.ieaoBaHHtt npeTtcxaBJiCHbi b Ta6.THU,e. Kan sibct- 
Byer hs npiiBeaeHHbix b Ta 6 .iHu,e jiaHHbix, b oxjiejibHbix c.nyqasix 
HaS.iioziaeTCH cHHHveHHe KoatJi^JHUHeHTa xpeHUJi na 22%. 

BJ1H5IHHE nyjlbCAU,M« CKOPOCTH H CMAMH BAEMOCTH 
HA HM)KHEE KPHTMHECKOE HHCJIO Re 

Hccjie/ioBaHHe npoB03,HJiocb na SKcnepHMeHxa.nbHOH ycxa- 
HOBKe. npeacxaB.ieHHOH Ha pnc. 1 . 
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T a G a II u C 


noBcpxHocTHO-aKXHBHbix BcmecxB Ha KOe^lflHUHeHT xpeHHH 


ll.UroTr.iJK.-i 

noBcpxiiooTn 

TpjOKU K OUKITV 

1 Mi 


I KpiircpiiR 
PeiiHO.abAr;) 

; (C(XUHB» 

1 nopno^ 

Ko44'4’liIUlcHT 

Tpr-HH>i 

(cpcuiiliU 

-u iiepoo,! 

lirTc-IOHliil) 

v 1 IsMr-iiiOir 

i T^VODM 

j H JXKVdbT.-lTr 
j .umBiimi!! 

1 ailAKll?!!! 

noBepxHocxb 

8,0 

0 , 455 

3230 

0, 132 


He o'liima.iacb 






; » 

8.0 

0,455 

3230 

0,142 

1.0 

1 lOBeHlI.XbH. nOBep.XH 

8,0 

0,455 

4160 

0,129 


i ^ 

8;o 

0,455 

4240 

0,121 

0.935 

i * 

3,7 

0,375 

1970 

0,0365 


i ^ 

3,7 

0 , 375 

2100 

0,286 

0,784 



6,2 

0,555 

3230 

0.0473 




6,2 

0,555 

.3360 

0,0405 

0 , 855 



10,0 

0,815 

2720 

0,232 




10,0 

0,815 

2820 

0,21 

0,905 


noBep.xH. 

2,0 

0,630 

521 

0,0874 




2,0 

0,630 

516 

0,0915 

1 ,05 


KDBeHHJIbH. nOBepXH. 

4,2 

0,610 

2270 

0,0442 




4,2 

0,610 

2400 

0,0391 

0,884 



6,0 

1,002 

3030 

0,048 




6.0 

1,002 

3160 

0,0424 

0,882 



4,0 

0,7.58 

2050 

0,0383 




4,0 

I 0,758 

2160 

0,03.35 

0,876 


» 

4.0 

0,758 

2140 

' 0,0352 

0,919 



4,0 

0,758 

2140 

0,0351 

0,916 



6,0 

1,350 

2950 

0, 0408 

0,916 



6,0 

1,350 

3060 

0,0372 

0,910 


» 

6,0 

1.350 

3050 

0,0377 

0,922 



6,0 

0,560 

3520 

0,0576 

— 



6,0 

0,560 

.3710 

0,0463 

0,803 



6.0 

0.560 

i 

3740 

0.0453 

0.785 


rijs Ha 


uAMHaKUBoii oxMexKe 


BbJBe,ueHbi Hepes 

mxyuepa abb ropHsoHxa.nbHbie cxeKjiHHHbie xpv6kh c BHvxDeH- 
hhm Tiiia.MexpoM 0,0137 m n jjihhoh 1=1,4 m. Ojina 113 xpv6oK 
Ha paccxoHHHH ^ = 1,55 m ox Bxo,aHoro ceqeHHH ObiJia CHaOjKena 
KyjiawKOBbiM nyjibcaxopoM. KyJiaHOK nyjibcaxopa ynapajicH b 
pesHHOBbiH m,xaHr, Haflexbifi na xpySKy. 

Ha Bbixo7ie xpy6oK oblxh ycxanoBJicHbi peryjiHpyiomHe Koa- 
Hbi H MepHbie 6aKH. Bo Bxo;iHbie ceqeHHH xpy6oK no ocn bboSh- 
Jiacb no/iKpaiuennaH >KHiiKocxb. Cxpyn nojiKpainenHon jkhti.ko- 
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CTii ,iaBa.ia B03MO>K:iocTb bh3\ a.ibiio iiao.THi.iarb an peaviiMOi 
IBtiiKeHiiH B xpyoKax. Te^i^epaTypa bo.xl.! n CnKe sa viepn.iacb 
pryTHb! :\i .TaSoparopitbiAi repr-aoMeTpoM. 

B nepBofi cepmi oiibiTOB BbiBB.ifi.Tocb BniiHHue nvnbcamiii 
CKopocTH noTOKa na Re;.. FIpii axoM aarNiepaniicb xe:\inepaxypa 
BOabi. pacxpa ee Mep^a xpy6i;y, a.'iiixedbuocxb onbixa. qacxoxa 
ny.Tbcamjfi. ripexjBapHXtxibHO npOBO^lunitcb onuxbi npn oxcyxox- 
Biiif ny.nbcau.nM, Biisya.ibHo yyx(!MaB,nn6a.ncM peuiUM, oxcenato- 



lUnn riepeAOiiy of .faMiinapHoro pewiiiMa TeqeHHH K xypSy.xeHx^ 
uoMy, II onpeue.nu.iocb ^^iiiHii.Ma.ibHoe Re^, Koxopoe .ae»cajio 
B lipeue.nax 2250 --- 2350 . B onbixax c ny.xbcauHUMH, Koxopbie- 
co3j,aBajiHCb B OUHOH 513 xpvSoK;. BO BxopoM Tpy6Ke coxpaHB.ncH, 
Kaix 3xa.noHHbin, nepexouHOH pe>j\iiM c RCjc = 2300 „ Hpii 3xo\i 
CojtuaBa.nacb Boa.MOTKHocib nyTe^? iisMeHeHiiH pacxoua BHsya.ib'^ 
HO no^oiipaxb b xpy6ice y ny.ibcauHHMH (a b ^a^nbueiimeM u b 
rpySNe y riijipocjDHQHSHpoBaHHbiMH cxeuKaMfi) TaKofl }i<e pe>t<HM 
;j,Bn>KeHHH, KaK II B sxa.xoHHOM xpy6Ke. HajiojKeHHe ny.nbCauHH 
cHii'/Ka.no Hn>RHee KpuxifqeeKoe "miCeXo PeHnojibiica Pexwibxaxb! 
Hcc.neuoBaHHn npuBeuewbi UH>He, 


1 

,.65 j 

y'74 j ,!(K72 


j 19.92 

>310 j 


1699 j (607 j 

1 1633 

1611 


MiiKCHftiaubiioe oxK.iOHeiine ox npHP.eueHin.ix cpe.T.iinx xHa- 
ueiiiiii lie npeBbiiuano 2? . 

rioc.ic BbiK.iroqcHiiH nyubcaxopa npi; peTKiiMaxxeqeHUH c ne- 
BbicOKiiMii 3i:aqeHiiHr>i!i mic.ia Peniio.nfauca TypQy.ieiixHbie ny.nb- 


caiiiiu nocxencHHO ricuesa.m. n b reMcnne 1—2 , c/ . n r - ■ 
o\ .lenxHoro Bbipo>Kua.xcH b .la.HiiiiapHbii; i, j 

/loH BbiHB.ieHHfl B.niiHiiUH ny,ibcauii!i iia pacxon ,Ki'irocn 
onpe.fe.iH.iocb oxHomenne Re„ /Re = p nnu Hei-nibHun-- 
m.,, per>,-.„po„o.Horo Kpa.a/ 3.o le 

paBn>,.-,o,b np„ ,, = 2.6.5 p=0.98.5: np„ „= in .90 06 

eTl,^I.a2nE°" BMMB.lH.loCb B.IHHHMe COao JIBOe- iO- 

CXH Iia KpHTimecKoe mic.io Pe^Ho imr-i Hr.,, ^ ^ 

noBepxHocxb xpySKii, cHaeu.eimoH llv,^bcafopc^H'' 'oOpaGaxn^^^^^^ 
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A It ro.iHica ':iKi.;Tcn!i tieh i a OM u; i.i’von ..aK i: a ntpaoii 1. 1- 

ni!!i oiibiTOB no Ttniooo Lieiiy. 

ripil o5ptK')OTKe ptBV.-lbTaToi: 3i!I'v OI.i.lTdH JSHH ly OTC> TCT- 
HtlH TOMHHX JtaHHMK O Ten.lOqiHBIl leCKIJX CHOliCTBllX TcpMimt- 
Ci:il OuptlOOTaHHb'X TtHKIIX a.flCopriHpUBUHUblX lI.ieHOK rK7tv-^»4 

yxer Ttp.NifiBecKHx conpoTHB-itHini iiocvieaHiix iipoBojr.icn iid 

! f peited b H bi 'a X a pf J ktc p 1 1 cth k a :\i 
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xpyOKH oes noKpbixiiH. 

/IdH oo'bHCHemiH o6iiap> >tce,HBbix itJjvpeKTOB ii BbiaB.ieiiiJH 
Bcex BdiiHtomux ua hhx ^aKTopou i;eo0xcan3io iipoAOAia’CHTb 
HCCde/xoBaHHH KEK F. cxopony paciintpemiH icpyra IlByMae^^b^x 
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B. E. AEPOB. B A. EEPUOBJm. B. C. KOPFHbKOB 

H3MEPEHHE HEH30TEPMHHECKHX nOTOKOB 

HAPPETblM CRAEM TEPMOHAPbl 

cxeM. Bo Bcex onvo.iiiKOBanHwx cxe^ia^ r rf '’^O'^'^PeTHbix 
npiiMefinercH n.m n.iaTiiHors;icj ^ ^ ^'a^^ecTBe j,aTmiKa 

KOBoe conpoTHB.Temie. ^ loqKa, ii.ih no.iynpoBonnn- 

^ecKoii npoqHoc4r»!”ii°?e.fj^He HiiaKoii xiexani!- 

pacnpocTpaHenite. mbm TepMnoTOnfar rar oo.ibujee 

HO yCTOjiqHBblMlI TapiipOBOqHblMIJ ' i JOBO.Tb- 

CTOpbl HMetOT HOBOTKl^n '^^P^HTepHCTIIKa.MH. TepMI!- 

KO cmabho noJaep^/ S 

H.-i Ainonie napaaierpH cpeau oaHoBpeMenno peanipyioT 

aHeMo!reTp;’';;v°Bc?B™eiB“"r npea^araerra Tep^,o■ 

rpeBaeMb.n criaT Tep wnaDM “™Poro RB.iHerca „n- 

cr-.ab,,v,„ .xapaKFeppcTPKy „ 

no cnoco«\- ifarpeBa H^jaTniirii ™''°™ paaae.ijiTb 

no A.eToai.Ke iioMepeiJnn , a, ain'T ""°™ " "P"'"’™ Harpeaa. 

PiiH []]. paB.iimaioT Meroi nn'xn ° b TepMoaire.MOMeT- 

Ho.l re Jeparlp^!u ^ nocroHHHoro roKa ir Meroa nocroqq- 

PaccMorpiiM JxaxqiiK KocBemioro qampR^ fAi r- 
1 axoro jaTqjiKa ripifBe;iena qg pjjc ] ^ ' ^'^°”^TpyKU!jH 


3aaeaLae?cH s'^HBoaHTop^z'^ TpyoKii. npoTJiBononoMvHbiii cnaro. 

CTon B JHana30He^S''?T^^ ^'pe;iHnx cxopo- 

ocymecTB.a.ercH nocroHHHbtM n^iu 




:?■ npiiHminiia.ibnaH cxeMa xeDMoaH.- 
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nepej, HaMa.aoM paooxbi k.tiom 8 paaoMKHVT, h cxe.Ma paoo- 
Taer Kax oobmHaa cxeMa iiaMepeniiH Te.MnepaTvpbi. 3 n c leo- 
Monapbi. nponopuHOHa.qbHan TCMneparype nofoKa, KOMneHCHpv- 
eroH c noMOLUbK) HopMa.ibnoro a.xe.MeHTa. h noc.xe sa.MbiKaHHa 
K.ntoqa 8 npiioop totob k H3MepeHiiio cKopocru. 

Upii paGore no Mero^iy nocronnHoro roKa nepea HarpeBareib 
nponycKaioT tok onpe^e.neHHOii cii.xbi, KOTopbin (hnKcnpyeTcn 
npiiOopoM 5. TepM03;ic, cooTBercTsviomaa stomv narpesv oe- 
nicTpiipyexca noxenunoMexpoM 4. Upii o6ziVBe aafmiKa xepMoaac 
nayiaex h npn Aocxaxonno 6o.ibmoH CKopocxn noxona cxanoBHxcH 
paBHon ny.TK). Oxcioiia bh;iho, mxo nvBCXBHxe.TbHocxb npnSopa no 
CKopocxH ne.xHHeniia. ^ ^ 

ripH paSoxe no MexoTiy nocxoHHHoii xe.Mriepaxvpbi, Kan n 
B nepBOM c.iyqae. cnanana H3i\iepHK3x xeMnepaxvpv no'xoKa h npo- 
H3BOiiBx xeMnepap'pnyK) KOMnencaunio. noc.ie sa.MbiKaHHH k.xk)- 
4a 8 peocxaxoM 6 ycxanaB.xHBatox HeoexonH.Mvro xe.Mnepaxvpv 
^an, Koxopan b cbofo oyepe^b cjniKciipyexcH noxenmioMexpoivi 4 . 
llpn HSMenenHH CKopocxn noxona xe.Mnepaxvpv cnan no 4 j:ep>KH- 
BaioT HeHs.MeHHOH pery.xHpoBanneM xona ^epes narpcBaxeib 
Be.iHqHHa Koxoporo onpe^axHexcH no noKasaiiHHM a.Mnep.Mexpa 5.' 
3xox xoK nponopuHOHa.nen CKopocxn noxona. OneBUilHo, b bxom 
c.TVMae MVBcxBHxe.XbHocxb npnSopa no CKopocxn .xHnennaH h aa- 
BHCHX ox Be^iumtHbi noiiitep>KnBaeMon 3 . a. c., x. e. ox xeMnepa- 
rypbi ropnqero cnan. TeMnepaxypa noc.xe;iHero orpaHnnena 
B nepByjo onepeiib pa6oqen xeMnepaxypoii nao.xnpyiomHx xiaxe- 
pna-iOB. KpeMHiiHopraHiiqecKHx .xaKOB MaKCH.Ma ibHan nonv- 
cxHMan xeMnepaxypa 250— 280° C. ' 

Mexoix KocBenHoro Harpesa oS.xaaaex ue.xbiM pnjxo.M cviuecx- 
BenHbix neixocxaxKOB: ] ) c.xohvhocxb HsroxoB.xeHHn xanoro aax- 
4HKa ixocxaxoqno Ma.ibix pasMepoB. 2) Oo.xbLuaH HFiepuHOHHocxb 

BaBHCMMOcxb xen- 

.nooOMena /xaxqwKa ox nono/KeniiH b noxone. 

Ha MM npea.xoH<eH npnSop, b KoxopoM qvBcxBHxe^xbnwM 3 .xe- 
MenxoM HB.XBexcH cnaii xepMonapbi, Henocpe/tcxBenHo narpeBae- 
Mbiii nepeMewHbi.M xokom. npunuHnna.xbHan cxeMa xanoro npH- 
6opa njUBeixena na pnc. 3. ^ 

PaOoxa npiioopa aHa.iornqna paccMoxpeHHOMy Bbime. B iic- 
xoTiHOM no.xojKeKHii K.iioq 8 paao.MKHyx, xepMonapa b 3xom cxy- 
4ae ns.Mepnex xeMnepaxypy noxoKa. Tep.Mosixc KOMnencnpyexcn 
KaK H paHbuje. c noMombto nopMa.xbHoro a.xeMenxa 3 . SaxeM 
K.xK)q 8 aaMbiKaicx n c noMouxbio aBxoxpanctpopMaxopa 9 ycxa- 
liaB.XHBaexcB aa^annaH xeMnepaxypa cnan J, Koxopan b ‘ npo- 
uecce na.MepeHHii no/Xixep>KHBaexcB HenaMennoii. On.xbxp cocxo- 
Huinn H3 KOiueHcaxopa 6' ii jxpocce.xn 5. nosBonnex pasne.iHXb 
nocxonnnbiH xok xepMosixc n nepeMeunbiii xok nuxanun. 

a.TH Harpesa cnan Mow<no ncno.ibaoBaxb npoMbim.xeHHbn'i 
tok c qacxoxoH 50 a/f 
i-tfi 


HaxquK npH.Moro narpesa npea,cxaB.XHex co6oft oobiqnyK) xep- 
Monapy. Jl.ifi HaroxoB.xenna oepexca KOHCxaHxaHOBbiii n MexxHbin 
npoBOii iXHaMexpoM 0,5 mm. KonqHKH npoBoxxoB xpaanxcn 
B «uapcKOH BOiiKe» 7X0 a,HaMexpa 0,05 — 0,1 mm. a saxeM csapn- 
BaioxcH. Hpn xaKOM HsroxoBJieHHii conpoxiiBjienHe cnan xepMO- 
napbi anaquxe.nbHO Bbiuie conpoxHB.nenHH nozxBoxxauxnx npoBOXxoB 
XI Bce xenjio paBHOxiepno nozxBOTXHxcn Henocpe.acxBeHHO k na.Me- 
pnxe.TbHOii noBepXHOcxH. 

ripHMOH cnoco6 narpeBa xpe6yex anaqxixeJibHo MeMbmen 
MouxHocxH, qeM KOCBenHbiH, TXJiH narpeBa cnan xxo o/xHoii n xoii nve 



Piic. 3 . ripiiHUHiiiiajibHaH c.xcAia TepMoaHeMO.Mex- 
pa c aaxmfKOM nenocpeAcxBeHHoro narpeBa; 

J — Tcji.Mocnaii, - ■ TejiMoci ar. a - - Hoi)Ma.ai>Hi>iii s.nf- 
MCHT, 4 — pcnicTpHpyiou'sHii noTOHUHOMerp, 5 — apuc- 
ce.nb 'bii.ibTpa. <> — KOiiaoiicaTop (jjH.ibTpa. 7 - - kcto'i- 
HilK nHTajpiH. S — K.niov, 9 — aBTOTpaHcilioiiMarcip 

xeMnepaxypbi. Kpo.Aie xoro, naroxoBHXb xaKoft ^axmiK ;xa»;e 
oqenb ivia.ioro paa.Mepa cpaBHHxejibHo npocxo. Heanaqxixe.xbHbie 
pasMepbi TxaxqHKa ixe.naiox ero MajioHHepiXHonnbiM. OxcyxcxBHe 
xenjio- H 3JieKxpoH30.xHixHH CHHMaex ocHOBHoe orpanxiqeHHe no 
xeMnepaxype n noaBO.xnex paSoxaxb c 6o.nee bbicokhmii narpe- 
BaMH cnan, qeM b npexxwixymeM Mexoae. 3xo b cboio oqepexxb no- 
BBo.xnex anaqHxe.TbHo noBbicxixb oomvKx qvBCXBHxejibnocxb npn- 
6opa. 

Majian Macca cnan n B03MO>KHOcxb Bbijxe.nenHH 6o,Tibiuoro ko- 
.inqecxBa xen,xa b Ma.fibixi npoMencyxoK speMenn noBBOjxniox npxi- 
Mennxb Mexo;x npaMoro narpeBa xx.Tn H3MepeHxin nvjibcanxjH 
cKopocxH. HsBecxHO, qxo xenjiOBym nnepunio cnan Mokno ana- 
qxixeJibHo yMenbuiHXb, npiiMennsi cneuxia^nbHbie sjieKxpoHxibie 
cxeMbi. ripn pa6oxe no Mexony nocxonnHoxi xeMnepaxypbi mojkho 
BB ecxH ycH,nHxejTb oSpaxKoii cbhsii. B 3xom c,nyqae' xen.xoBan 
HHepuHH cnan yMenbuinxcn na KOSfjxtjjHnHenx vcHjiennH ycHJin- 
xe,in, noc.xexxHHi! jKe mo>kho cxe.xaxb xxocxaxoqno Oojibuin.M. Tep- 
-MoaneMOAiexp c xaKiiM ycn^nnxe.xeM moh<ho npHMenaxb jx^h xiay- 
qeHHB BbicoKoqacxoxHbix npoixeccos. 

HpiiOop c TxaxqHKOM npsiMoro narpeBa, noaBOJimomnii iis.Me- 
pnxb ny.ibcapHH CKopocxxi. b nacxoamee Bpexia paspaOaxbiBaex- 
ca B HTiiMO AH BCCP. 
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J1 MTCpaxypa 

UB r. B. Tp. .inn. ,\c 217 , 1961 
HI T II K -M. A. H(I>>K, A'o 9 , 1959 
n III ji H H. B. Ao 5 . 1963 . 

I. O. Turbulence. \c\v York— Toronto— Lrindon, 19.59. 

II M II r.. cp II .1 II n n o B 3. I I. 3,neKTpoTe.\iniKa, A? 8. 1964. 


B. E. AEPOB, O. r. MAPTbIHEHKO. H. C. PEB3I1H. 

B. H. c|)EHOPOB 

BJ1H5IHHE TyPByjIH3AU.MH BOSflyillHOrO HOTOKA 
HA TEHJIOOBMEH B PAflHATOPE 

Mcc.ieaoBaHiiHMn paa.iUMHbi.x aeTopoB vcTaiioB.ieHO. qro b 
npouecce Ten.noo6.MeHa Me>Kzi,y xe.iOM ii OMbiBaiomn.M ere bo3- 
ayiunbiM noxoKOM cymecTBenHyio po.ib nrpaex Typ6y.nH3auHH 
noTOKa, KOTopan .MOJKex anamixe.nbuo liaMeHaxb o6m,ee KO.nnMe- 
CTBo nepeziaBaeMoro xen.ia. 06meH3BecTHaH xennoBan lUKa.na 
Typ6y.neHTHOcTH .HoiiuHHCKoro — IUBa6a noKasbiBaex yBe.iime- 
nue mic.na Nu uiapa na 30 — 35% c BOspacxaHneM cxenenii 
xypGy.neuxHocxH noxoKa a ox 0,5 ao 3%- noBbiuienne nnc.na Nu 
no 507o c poexoM f Ha6j]iona.iiocb xaiotve b pa6oxax [2 — 5], 

3th naHHbie CBunexe.nbcxByiox o xoiti, mto Hcno.nb30BaHne 
npenBapnxe.TbHO Typ6ynH3HpoBaHHoro BosnyuiHoro noxona b 
paa.niiqHoro xnna npoMbiui.ieHHbix xen.Too6.AieHHHKax Mo>Kex cy- 
meCXBeHHO nOBbICHTb HX 3C}D(J»eKXHBHOCTb. 

C uejibio no.iyqeHHH KaqecxBeHHon KapxiiHbi npopecca ii ero 
KoniiqecxBeHHbix xapaKxepHcxnK 6bi.na nposeneHa sKcnepiiMeH- 
xa.xbHaH pa6oxa, b KoxopoH Hcc.nenoBa.Tacb xen.iiooxnaqa Mac.nn- 
Horo pannaxopa aBTOMo6H.nbHoro xiina npn paa.niiqHbix cxene- 
HBX xyp6y.neHXHocxH o6nyBaiomero ero BoanyruHoro noxoKa. 

Kan HSBecTHO, b nacTOHinee Bpe.MH na Bcex aBxoMo6H.nHX 
Boanyx qepea pannaxop npocacbiBaexcn BenTH.naxopoM, pacno- 
.noa<eHHbiM aa hum. 

Ec.ih >Ke na.MeHHTb hx Baan.MHoe pacno.no>KeHHe, x. e. yexa- 
HOBHxb BeHXH.iHxop nepen pannaxopoM, xo paniiaxop 6yneT o6- 
nyBaxbcn BoanyuiHbiM hotokom, cu.nbuo xypoy.nHaHpoBaHHbi.M .no- 
nacTHMii BeHTiinaxopa. ripn raKofi cxeMe mo>kho ojKiinaxb aa- 
MexHoro noBbiuieHHH acJitJieKXHBHocTH paniiaxopa. Hcc.nenoBauHe 
6bino npOBeneno na SKcnepHMeHxa.nbHon yexaHOBKe, noKaaaHHoff 
Ha pnc. 1. 

Fopnqee Aiac.no na cncxeMbi c.MaaKii nBHraxe.nn uHpKy.niipo- 
Ba.no qepea xpy6qaxo-n.nacTHHqaxbiH pannaxop. OcHOBUbie naw- 
Hbie pannaxopa c.nenyiouxHe: oen^eM — 0,5 • 0,5 • 0,135 m ; qnc.no 
pnnoB B r.ny6HHy — 6; paccxoHHue Mea^ny xpyoKaMH no (fipon- 
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TV — 0.011 .It; paccTOHiiiie .MeHvZiy n.iacTHHa.MH — 0.003 m ; rpyO- 
KH n.nocKOOBa.nbHbie pasMepoM 0.017-0,0035 m . 

Bbi6op B KaMecTBe oOteKTa iicc.ienoBaHUH Mac.JiHHoro pa.ana- 
Topa. a He BOTiHHoro oS-bHCHHercH tcm. qxo ycTaHOB.aeHHbifi iia 
CTeH.ae itBHrare.Tb H.Aie.i npoTOMHyjo BojiHnyio cucre.Aiv oxaa>K.zie- 
hhb. Pa^tHaTop oOztyBa.nca qeTbipex.ionacTHbiM aBxoMoOHJibHbiM 
BeHXH.HHXOpOM, KOXOpblH npHBOilH.riCH BO BpamCHHe 3.qeKTpOHBH- 



•aro.Tb BHyT))C!iHoro cropitHHH, 2 -- pa.iH.iTOp. 3 — BeiiTiinsnop. 
^ •..ICKTpci.imiraTO.Th, .7 ropM.KIHOC yCTpoiiCTBO 


raxe.TeiNi c nocxoaHHbi.M mhc.io.m oOopoxoB. MsMeHeHHe Hanpas- 
.leHHH B03JiyiiJHoro noxoFva na oOpaxHoe iiocxiirajiocb nyxcM no- 
Bopoxa BeHTH.THxopa BOKpyr BepxHKa.nbuofi och c ojiHOBpeMeH- 
HbiM peBepcHpoBaHHCM 3.neKTpo.ziBHraTe.iH. 

ripH nocxoHHHbix Harpyaxe. MHC.riax oOopoxoB ii,BHraxe.nH ii 
BeHXHjiBTOpa saMepH.iMCb xeMnepaxypbi ctchok xpyOox pa.qHaxo- 
pa, a xaxjKe Macvaa h BOSTiyxa ita Bxojie b pa/tnaxop h na Bbixo- 
.ae H3 Hero. HaMepenHa npoBOiiH.THCb MeAb-KOHcxaHxaHOBbiMH 
xepMonapaMH c oxcqexoM noxasaHUH Ha nMC-48 c cooxtieTcx- 
BeHHo noAoOpaHHbiMH K He.My FMn h r3n-47. 

rioMHMo xeMnepaxypHbix HSMepeHHH, c»HMa.THCb ho.th cko- 
pocxeii H cxeneHH xypOy.neHXHocxH B03.ayiHHoro noxoKa 3,0 11 
noc.ie pa/tnaxopa npn noMomH xepMoaneMOMexpa ATA-2. Tep- 
MoaneMO.Mexp ATA-2 paccaHxan, Kax h /ipyrne xanw aHe.MOMex- 
pOB, .a.TH HSMepeHHH TO.lbXO B HBOTepMHMeCXHX XOTIO^ZlUblX HOTO- 
xax HeoKHMae.Moro rasa. Oocxojibxy BOSTiyx npH Bbixojje 113 pa- 
ZlHaxopa HMe.n xeMnepaxypy oxo.no 60° C, npum.nocb npHMenifxb 
cneuHa.TbHo paspaOoxaHHyK) .MexoaHxy [7] usMepennH cxeneHii 
TypOy.ieHXHOcxH ropaqnx noxoxoB rasa. 

OpoBeiteHHbie b pa3.iiHqHbix ceqeHHHx no Bbicoxe h no Bceii 
lUHpHHe pa^naxopa HSMepeHna noxasa.nH (pHC. 2), qxo no.na cxo- 
pocxefi nepe.H paitnaxopoM h aOco.itoxHbie sHaqennH cxopocxn 
B03.ayxa npaxxHqecxn o.aHHaxoBbi xax npn npocacbiBaHHH, xax 11 
npn npoxa.nxHBaHHH B03/iyxa qepea pa.aHaTop. 

CoBepmeHHO HHaa xapxHHa Ha6.nioa.aexcH, ec.xn cpaBUHxb 
cxenenn xypOy.ieHXHocxH Boanyxa nepeji pazmaxopoM (pnc. 3). 
144 


Kax c.neAyex 113 piicynxa. npii npoxa.nxHBaHHn Boszivxa qeoe? 
paziHaxop HHxeHCHBHOcxb xypOy.neHTHocxH e noBbnua'exca npn- 
Mepno B 4 o pas no cpaBHeHHio c o6biqHOH cxeMoit aocxHraH 
B cpeziHe.M Be.iHqHHb. IO-I 20 / 0 . H3.MepeHHH, npoBeWHbVe no ho 
BOH Mo.ie,iH_aBTo>,o6H,ia .MA3-500. TaK>Ke noKaia.-,,, ,,e"oc™- 
ToqH\io^x\poy.TH3auHio (zio 2%) noxoxa Boaziyxa oo.nmoBxoii 
aBxoMooH.TH npH paooxe paziHaxopa no oObiqnoH cxeMe ycxa- 




Piic. .3. riojia Typ6yaeHTHOCTii sos^lviUHoro 
noTOKa nepej pa.aHaTopoM b paa.Timuhix ceqe- 
miH.x no Bbicoxe: 
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HOBKii BeiiTii.THTopa. Zl.iH oueHKH uHTeHciic])!! Kauii II Teii.aooSMeHa 
B pa;iHaTope Typ6\\iH3amieii Haoeraiomero noroKa npn npiiMe- 
neiuiii cxe.Mbi «To.iKaiom.ero» BenTiLiBTopa ncno.ib30Ba.incb 6a- 
.laHCOBbie COOTHOLUeHHH: 

a F (fi — t^) = Gcp — / 3 ^), 

Si F {U — - GCp — /lx). 

r;i,e G — pacxozL Mac.ia, - TenjioeMKOCTb xMac..ia. a- Koscjicjiii- 
lUieHT Ten.iooT.n,ami, F - ii.iomaiib pajiiiaTopa, ii /o tom- 
nepaTypa ctchkh npii pas.iimHbix cxeMax paSoTbi, />:— TCxMne- 
parypa Bosziyxa., /gx — xeMnepaTypa xMac.ia Ha Bxo^e b pa^iwa 
Top. /uux — TeMneparypa .viac.ia Ha Bbixoiie ns pa;inaTopa. 

OocKo.ibKy ^Biirareib b ooohx c.iyaaHx pa6oTa.i npii no 
CTOHHHblX o6opOTaX H HarpVBKe TO ,1,151 CpaBIieHHH K034)(}HmH 
eiiTOB Ten.ioo6MeHa. waix c.ieiiyeT 113 (|)op.My.ibi. Heo6xo7i.HMO 
6bi.io HBMepHTb Te.MnepaTypy B03ixyxa 11 Mac.ia na Bxoa,e b pajina 
Top H Ha Bbixojie H3 Hero. Cpenime anaMeiniH pesy.ibxaTOB H3]\ie 
peiiHH npeacraB.ienbi b Ta6.iHHe. 


Jl Mxeparypa 

2 ! GiVd\*"w' h' 11 jeopiiH. ]963. 

L,«,l Heal Trensier .nnd Skin Frknton orrCvSer"!l.'i;r At'n. 1ici 

1H9G. 19-4M. 1. h. hid. En<i. Ciicm., 40. 

o. Rcihcr H. AAitl. I'or.sch.. 2(39. 1. 1925. 

1960. Ox-HOBi.i Teopmi Teii.ionepeaami. I'ocaneproii.i.iar. 

~ ■■!e,n,„.pancK,„„„„n„Tex,nM.eeK..,. 



jl OMlK'piiTy]i;i MHt’.'ia q: j ■ fMiK ixiTk-pa 



:.xo.i; 

1 Hii HXivic 1 iiH Hi,i.xo;ji j 111 .ixo;u ; 

■ : 


ripHMaH 

. . . . ^ 59.2 ■ 53.8 j 20 ! 

1 


OopaxiiaH 

. . i 60,':" ' 53," ! 20 1 


, 2-i./ 


Kak" c.ieayex 113 no.iyneHHbix peavMbxaxoB. nepena.zi. xeM- 
iiepaxyp xiacTia (/^mx— /bx) npn oopaxHoii cxewe OKa3a.iCH Bbime. 
ne.M npii iipHuofi. nepena,! xe.Mnepaxyp Hosnyxa npn o6paxHOH 
cxe.Me xakHve okaaa.ica 6o.7ibiiie. 

OxHOiHemie ^'-oop-y-np. paBnoe npihMepHO 1.25, iiOKasbiBaex, axo 
.BcjjcJieKXHBHOcxb pajHiaxopa npii iipHxMeHeHHii «xo.iKaEomero» neH- 
XH.iflxopa B03poc.ia na 25% b cpe^HeM. Opii sxo.m HeoSxoAUMO 
oxMexHXb, qxo iiaHSo.iee iinxenciiBHo paooxaiox nepBbie no xoji,y 
BOSAyxa pa,xbi xpyook, xak Kak. npoxonH qepes KaHajibi pa,T.Ha- 
xopa, B037iyiiiHbiH noxoK nocxeneHHO cxa6HJiH3Hpyexca, nyjib- 
caiuiH aaxyxaiox, a c.xe.aoBaxejibHO, B-iiiaHiie iix Ha xenjioo5MeH 
CHiiiKaexcH. 

TaixH.M oopaaoM, .mo/Kho aaK.iioMHTfa, qxo ycraHOBKa «xo.i- 
Kaiomero» BeHxii.iHTOpa Ha xpancnopxHbix AiauiHHax nosBOJiaer 
BnaMHxe.ibHo yMCHbiuHTb pasAiepbi ii sec pa/niaxopa. qro aaei 
cyuiecTBeniiyio okohomhio uBexHoro MeTa.i.na. 
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K. E. AEPOB, O. 


I'. MAPTbIHEHKO. H. C. PEB3I1H. 
B. 11 tPE/lOPOB 


BJIH51HHE HHTEHCH<I>HKAU.HH 
nPOUECCA TEnJlOOBMEHA HA PASMEPbl 
TEnJ10nEPE;i.AIOmHX nOBEPXHOCTEH 

B.nacTOHLuee epeMH xypdyjiHaauHH noTona caMbiMH pasjitm- 
iibiMH cnocoSaMH (nonepe^Hbie Bbicxynbi, pasHooSpasHbie BCxaB- 
KH, aawpyxKa noxoKa n x. n.) c uedbio HHxeHCH^iHKauHH xenjio- 
ooMCHa HaxoAHx Bce So.Tbiuee pacnpocxpaHeHHe b npoMbiiu.xeH- 
Hbix xenjioooMeHHbix annapaxax h ycxaHOBKax. 

Hcno.ib30BaHHe HHxeHCH(|DHKauHH npouecca xenjioo6Mena 
npHBo;iHx K y.MeHbmeHHio rafiapaxoB xen.xooSMeHHHKOB h hx Me- 
xajicioeiMKocxH hjih >Ke k yBe.iHqeHHio xen.xocX)eMa. OAHaKo c bos- 
pacxaHHeM K03(t)c|)HUHeHxa xenAoo6MeHa yBe.iHqHsaexcH h th^- 
paBjiHqecKoe conpoxHBJieHne annapaxos, npnqcM BOspacxaHHe 
K034)c|)HUHeHxa rHApaB.THMecKoro conpoxHB.xenHa iMO«<ex npeBO- 
cxo^HXb B AecHXKH pa3 yBe.xHqcHne KoscJifjDHpHeHxa xenjioo6- 
Mena. 

riosxoMy >Ke.7iaxejibHo ycxanoBHXb cooxHomcHHe Me>KAy po- 
CXOM COnpOTHBJieHHH H H3MeHeHHeM K03(|)(J)HUHeHXOB xenjiooT- 
Aaqii AO H nocne HHxencH^HKauHn, npn KoxopOM eme bo3i\ioa<ho 
y.MeHbmeHHe o6x.eMa, 3aHHMaeMoro xenAOo6MeHHHKOM. Opu 
3XOM noApasyMeBaexca, mxo xenjioo6MeHHaH noBepxHocxb aoji} 4<- 
iia oSecneqHBaxb xo >Ke KOAwqecxBO nepcAaBaeMoro xenjia h 
HM exb xo >Ke FHApaBAHMecKoe conpoxHBAenHe. qxo ii ao huxch- 
CHcJiHKauHii npouecca xen.TooSMena. 

B pa6oxe 6yAeM iicxoAHXb H3 aaAanHoro pacxoAa pa6oqero 
xe.ia qepe3 xenAooSMeHHbifi annapax, AaBAenuH u xeMnepaxypbi 
paSoqero xe.na nepeA xen.ioo6MeHHHKOM. 3 xhmh npeAno.nouve- 
iiiiRMH sauaqa cboahxch k aHa.nHsy bahhhhh HHxeucHtjjHKauHH 
npouecca xeiiAOoSMeHa na raSapuxbi. ecAU b npouecce Huxeucu- 
(}DUKaunn KoscJjcjjuuneHx xen.iooxAaqii Boapoc b k pas. a Koacjujui- 
uuenx conpoxiiBAeHHu b g paa no cpaBHCHino c cooxBexcxByio- 
muMH siiaqeiinnMH aah xabakoh noBepxnocxn oes xvpov.iiisa- 
lopoB. 

BHaqa.ie paccMOXpuM CAeAyiOLunft qacxHbiu Bonpoc. flycTb 
nAomaAb (})poHTa F n 3KBHBaAeHTHbift AHawexp ocxaioTCfl 


o>AH3aTopaMn B Kana-xax (ooosHaqeHiin c iiHAeKcoAi t“) Hafitrevi 
^rrin^ ''•094)4>HmieHTOBconpoTHB.ieHiifi b I 

pas. npH STOM JIO.a>KHtI OCTaTbca nOCTOHHHblMH- 0=0 — k-fiii. 

p cxoA, T — Ty HaqaAbHbie xe.Mnepaxypbi. 

ilpii nocToauHOM pacxoAe nocxonncTBO KOAnuecxBa nenp 
AaeaeMoro Ten.ia ooecnequBaercH pasencTBOM ^ 

KOTopoe MOAvHo npeoSpasoBaxb k bhav 

d ‘ <2> 


Tak- kak 3kBHBaAeHTHbiH AuaMexp d n imomaAb (bnoHxa F 
cquraeM OAHHakOBbiMu kau aah noBepxuoc^ Tr 1 .AtuM^^i 
xaK „ a-XB noBep.xHocTH c Typ6v-,,n™Topa^J" T" 


aa^aeMoro tcLb np„ 

K pas. BCjiejcTBue ycTaaoBKH Typey.rasaropoB, ji.,i,hv kana- 

.lOB I MOHCHO COkpaXHTb B K paS. 

Ho noxepH no xpakTy AOAJKHbi ocTaxbCH npe»HHMH unn 
BospacTaHHii k03(|)(i)iiuHeHTa conpoTHBAenun b f pas. x. e. ^ 

UAH 

OTkVAa T . 

'’-f' '6. 

POB HX AAHHa AOAJKHa OblTb VMeHbUieHa B F pa 3 . ' ■ 
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BosMOHvHbi xpii 

1. BospacTQHHe K034)4)HUHeHTa TennooT;ia'Ui pasHO yBe.in- 
MeHiiK) K034)4)nmieHTa COnpOTIiB.ieHIlH: 


H.^xHHy KaHa.xoB mo>kho yMenbiUHTb b = c pas. 

2, BospacraHiie K03(J>c}iHU,HeHTa TenjiooTii,aBii npeoojia^iaeT 
Ha;i vBeJiiiHeHHeM K03(|)4)iimieHTa conpoTiisneHHH: 


Ec.ih ocxaBiiTb Q=const, to npn yMeHbiiieHiJii .biHHbi renao- 
o6MeHHiiKa B K pas norepii 6ya,yT Menbiue npoTiiB Ba^aHUbix 
B fc/^ pa3. 

Ecaii iicxoAiiTb 113 Ap = const, to npn yMeHbmeHiiii_^anHbi 
KanaaoB b g pas noayntiM pocT Q npoTiiB sa^aHHoft B^/e/g pas 

3. BospacTauHe KOs^xJiHuneHTa conpoTHB-TemiH npeoo.TaiiaeT 
Hail VBe,TnqeHHeM KOStfic^HmieHTa Ten.nooxiiami: 


ripoaHaniianpyeM, npiiBeneT nii noiiooHaa nepeivOMnoiiOBKa 
paa.xiepoB Ten.iooSMeHHHKa k yMCHbrneHino sanii.Maexioro xenno- 
o6MeHHHKOM OOBCMa. 

yBe.TumiXb nnoma/ib >KiiBoro ceqeiniH mo/Kho xpexin cno- 
cooa.MH: 

1) iioSaB.TeHueM onpeiieiienHoro HHCiia KananoB xoro ine 
3K-BnBajieHTHoro /maxiexpa (dg = const; n = var); 

2) yeewiimeHiieM SKBHeajieHXHoro iniaMexpa KananOB npii co- 
xpaHeHiiii Hen3.\ieHHbiM nx HHC.aa (n = const; = var); 

3) KOMOHHamien nepBbix iiByx cnocoooB. 

OneBiiilHO, pesynbxaxbi. no.xyqeHHbie npn npn.\iCHeHiui 
3-ro cnocoGa, oyiiyx Ha.xoiiiiTbCH Me»<;iy pesy.ibxaxaMn nepBbix 
ABvx npe;ie,TbHbix c-Ty^aeB. 

OcxanoBiiMCH oTiienbHO iia KaTKiiOM ciiocooe. 

I. dg const; n ~ var. 

ycnoBiie Q const iiaex 


B 3 TOM cnyMae ycxanoBKa xypCyjiHaaxopoB n.nH yMenbLueinia 
ii.iHHbi Ten.Too6MeHHHKa He/Ke.iaxe-ibna, xaK iok npn nepeiiaae 
aaiiaHMoro KO.TimecxBa xen.aa Q, x. e. npn yMCHbineHUH annnb! 
KanaJioB b k pas, no.iymiM Bospacxaiine noxepb npoxiiB saiian- 
Hbix B l/x* pa 3 . A ecMii coxpaHnxb saiianHbie noxepn Ap nens- 
MeinibiMii li yMCHbinnxb animy KananoB b g paa. sanaHHoe Ko.in- 
necxBO xen.ia ne iiepe^aoxca. 

B noiiaB.XHioiiieM So.ibiuiiHCXBe cnyHaes nHTeHCH(|)Hi\amni 
npouecca xen.TooCxieHa ca.Mbi.Mii paa.THMiibiMii cnocoSaxm, npn- 
MenneMbiMii ita npaKTHKe, Ha6.xiOiiaexc}q iipeo6.-iaiiaiomee Bospa- 
cxaHiie K034)(i)iiHHeHxa conpoxiiB,neHHH no cpaBHenuio c yBe,in- 
MCHHeM K 03 (J)(|)HUHeHxa x.ennooxiiaqH. Tbkh.m oopaaoM, npuMeiie- 
nne HHxeHCHc|)HKau.HH b c.xvnae F = const neiieiiecoodpasHO. 

Kan y>Ke yKasbiBa.xocb,' ec.xii cJniKCiipoBaxb KOjnmecxBO nepe- 
p,aBaeMoro xen.xa h yMeHbimixb ii,xiiHy KaiiajiOB b k pas, noxepn 
Boapacxyx b ^/k pas. CHiianxb noxepn mo>kho, yMeHbiUHB cko- 
pocxb iiBH/KeHUH paSoMHX vKiiiiKOCxen B Kana.xax xennooSiNieH- 
HHKa, T. e. yBe.xiiMHB nnomaiib /Kiiboxo cenennH npn nocxoaiiHOM 

pacxoAe G. 

CneiiOBaxe.TbHO, b cnyqae npuMeneHiiH xiexoaa nnxencnipn- 
Kamin, npn Koxopoxi no.xyqeno oo.xbmee BoapacTanne K034)(|)n- 
mienxa conpoxHBJieHUH no cpaBHennio c K034)^imneHX0M xen.xo- 
oxiiami. MOTRHO ocxaxbCH b npeiie,xax aanaunbix Q n Ap, nepe^ 
KoxinoHOBaB xeniioodMCHHUK, x. e. yBe.xnqiiB ero nnomaub (|)poH- 
xa H yMenbinuB iinnHV KanaiiOB. 


npii yBe.ximeHnn n,xoma;in tkhboxo ceneHna, x. e. npii 
y\ieHbiJieHnn CKopocxn iiBH>KeHna pa6oqHX >Kii;iKocxeii b xaHa- 
nax, nsMenaeTCfl xaKJKe K03(Ji(|)HnneHT xenaooxiiaqn n kobcJhIjii- 
uneHT conpOTHBiieHna KanaaoB c TypSyjinsaxopa-Mii, a c.ie- 
AOBaxe,xbHO, ii oxHomeHne paccMaxpHBaewbix K034]4)inuieHX0B. 
yqxeM 3X0 nsMeHenne noxa 4)op.MajibHbiM ooosHaHeHiie.M /Ci n fi, 
B iiaiibHeflmeM HaflACM ib/ia hhx aHa.iHTiiqecKiie Bbipa/KCHiiH. 

OaeBU/iHo. qxo iiaMeHeHiie oxHomeHuft KosfjKjnmiieHXOB xen.xo- 
iiepeiiaqn n conpoxuBJicHin'i npn ycaoBiiii coxpaHeHiisi noxepb 
11 KoanqeCTBa nepe,aaBaeMoro xenaa b npeae.ie 3aa.aHHbix bu- 
soBex II necKoabKO a;pyroe ns-MeneuHe raSapnxoB (l\ F\ ...). 

Il3 ycaoBiin coxpaneHiiH noxepb nensMeHHbiMn .mobcho Haiixn 


lloacTaBiiM oxHomeHiie ItH (saBHCiiMOCTb (7)), no-xynennoe 
113 yc.TOBiiH Q = const, b (8), xorna 




Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


ii,iH B OKOH^are.’ibHOM BHTie 


npii 3TOM A-iBHa TeiKiooOMeHHiiKa VMeHbmiiTca 

pa3» T. e. 


h -- I 






(9') 


B (li 


( 10 ) 


TatcuM oopasoM, coxpaHeHiia iioTep_b HensMCHHUMH npn 

yMeHbiueHHii TenjioooMeHHUKa b (|i pas njioma/ib 

iKHBoro ceqeHHH AojiyKHa 6biTb vBe.iHqeHa b (|i//Ci)«-=^" pas. 

nocMOTpiiM, K-aK itSMeHHTCH ooi^eM, saniiMaeMbift Ten7ioo6- 
MeHHUKOM, 

Vr _ KI't 

1/ ^ FI ■ 

ripoBeziH iioACxaHOBKy. no.iVBHM 

v; - (II) 



2. yBe.iHqeHue ii.iomajLii 4^poHTa aocTHraerca VBe.iimeKneM 
SKBHBaTieHTHoro niia.MeTpa KaHajiOB npn coxpaHeHHii iix Hiic.ia: 

var; ii const. 


Its ycnoBHH 
ifMee.M 


coxpaHeHiiH KOJiimecTBa nepenasaeMoro xeii.ia 



Frlr 

dr 


(14) 


n.fiom.aAB HCHBoro ce^ieHiiH mo>kho npejCTaBUTb b BH7i,e 


F = nQd'i . 


rri.e Q — ■ K034ii])Hii.iieHT iiponopnuoHa.dbHocTii. 

JlerKo noKasaTb, hto npH hoaoShom npeoopasoBaHtiH reo- 
MexpuBecKOH (fiopMbi KaHajiOB Q = const. Torj.a (14) sanumexca 
c.TeixyK)iu,HM oSpasoMt 

y. dl ~ yjljdr . ( 15 ) 


Cne/iOBaxenbHO, iipH-Meneime HuxeHCHfjiiiKamiH npouecca^ xen* 
.loooMena ue.iecooopasHo c tomkii sperma VMeHbUjeHna raoapn- 
roB npii 

a-i>K 


Ms yc.iOBHH coxpaHeHiia HcnsMeHUbiMn noxepb iiMeeM 





(16) 


1. e. ;io rex nop, noxa sa cnex yBenimennH nnouiaan >KHBoro ce* 
neniiH xen.noo6ivieHHHKa ii cooTBeTCTBennoro VMenbiueHHH cko- 
pocTH oxHOiueime K09cj3c})HUHeHT0B xennooTAaMif iie cxanex pas- 
HblM eaHHHUe. 

npHMcnaxenbHO. nxo yMenbuieiine oSi.eMa, .sannMaeMoro xen- 
jioooMennHKOM, saBncHT ne ox rnApaB.niMecKiix xapaKxepncxHK 
KanajiOB, a xo.nbxo ox xennoBbix. xoxh ca^a nepewoMnoHOBKa 
onpeae*TaK)m.iix pasnepoB xennooSMCHnnKa (yMCHbineHne ji.nHHbi 
Kaiia.noB it yBe-ximeHne n.xoui,a,i,H vKuboxo ceneHUH) nenocpe/i- 
cxsenno CBasana xaK c xen.iOBbiMH. xax h c rn;ipaBnHMecKHMii 
xapaKxepHCXHKaMH. 

B paccMaxpHBae-MOM Bapitauxe xennonepea.atomaH noBepx- 
nocxb xaKTKe yMenbinuxca b Xj pas, x. e. 

5. -J- (12) 

/Cl 

HsMeneHHe nncna KaHa,xoB oiipe.’xe.xaexca c^e^yiomefi sa- 

BHCIIMOCXblO; 

152 


npOBeAH HCcao/KHbie npeoopasoBaHiia, no.iyqnM 



(17) 


Mo^cxaBHB peiLicHiiej Fd ns saeiiCHMOCxn ( 15) b Bbipa>KeHHe (17) 
HafiiieM 



(18) 


TaKHM oOpasoM, qxoobi coxpaHiixb KO,?iHqecxBO nepe.n;a- 
Bae.Moro xenna n noxepii HenSiMeHHbiMn, SKBHBajieHXHbift .ana- 
Mexp KaHa./ia c xvp6v.iH3axopaMH AOcXHcen 6bixb VBejinqen 

I ^ \0.167 ' ' 

B ( 1 pa3. npii 3XOM ii.iiiHa xennoooMeHHiiKa hsmchhtch 

cne.zivK)iii,HM odpaaoM: 

7 = / (El Kf)-o.i«7 (19) 

153 
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n.iouj.a'iB tppoHTa TenaoooMeHHUK^a 6y;i.eT 


e. yeenimtiTCfi b C|i pas. 

C oo-bCMOM Ten.ioo^MeHHHKa npoi!3or!;ieT 
aeneHiie: 


Haii;i,eM 3HaqeHH5i BtMiiMiiH ci ii aT], vBHsaB iix c Ten.iOBbuui 
ii rn;i,poj.iiHaMiiBecKHMii xapaKTepHCTiik-aMH KaHa.iOB TemioGo- 
MeHHfiKa. a TaK>Ke Bbipa>KeHHe j,.ih KoaimecTBeHHOfi ouchkii 
HSM eHeHUB n.ioui,a4ii >KHBoro ceaenffa n ,i.iiiHbi Ten.iooG.MeH- 
HMKa. 

OoosHaaiiM y BeanMeiiiie n.ioLLi,aj,u yKiiBOro ceBeHiia Teii.To- 
05MeHHHKa HepeS A/ - F, MTO COOTBeTCXBeHHO BblSOBCT 

\MeHbuieniu; ckodoctii 


TaKiiM oSpasoM. b ;i.aHHOM cayaae npiiMCHeHiie nHTeHcii- 
iJiuKamiii npouecca TenaooO.MeHa ue-iecoocpasHO c tobkii spc- 
HHH yMeHbiueHiiH ra6apiiTOB TenjiooS.MeHHHKa npn <a:'i, t. e. 
Koraa OTHOuieHne K03(|34)nUHeHTa Ten.7ooTji.aBn nocae hhtch- 
cn4niKamiii ii yBeaiiBennH cppoiiTa k K03f|icj3JimieHTy Ten.iooT* 
AaBii jio nHTeHcii4)HKamiH b ceAbMOfi CTenenii 6o.7bme, bom 
cooTBeTCTBviomee OTHoiueHiie K03cf)(})iimieHTOB conpoTiiB.ieHnn. 

ConocTasuM, KaKOfi ns ji.Byx pasoopanHbix cnocoooB ji,aeT 
oo.ibmHfi Bbiiirpbiui b raSapHxax, CpaBHenne bos.mohcho. ran 
KaK ooa cnocoPa jiaiox o^iho n xo /kc iisMeHenne n-ioiuajin 
HJHBoyo ceB_eHfin ((9) ii (20)), bxo osHaBaex paBencTBO snaBe" 
Hnfi A'l !! B o6oiix BapnaHxax (npn paBifbix naBa.ibHbix 
vcnoBiiHx): 

V'l = npn d-^ — const; n = van 


npn ^ van n = const 


u « „ u 

\r\ Y (f A Ft Y ^ 

BespasMepHbiii K03(|)c})nuHeHT ren.xooxJiaBn ana KananoB c xyp- 
oy.iiisaxopa.Mii n oes Typ6y.7H3axopoB cooxBexcxBeHHO paseH 


Nu^ - c; Re'- 

cjr-" 

(23> 

Nil = C~ Re" ^ 

- au- N 

(24) 


OxHomeHiie KOSfbcjnnuieHTOB xen.xoox^xaBn pasHO 


c.ivBaH. Kora,a iT.7oma;i,b 

Henna, 


|)poHx:i ocxaexcB oes iiSMe- 


C.7e40Baxe.7bHu, VBennBeHHe iiJiomaAii cjipoHxa iipncoejinHe* 
Hiievi onoexe.ieHHoro Biicna KanaaoB xoro iKe 3KBHBa.xeHTHoro 

•5: 0 167 

uiaMexpa aaex b ( pas oo.xbiiivio 'skohomuio b raoa- 

puxax, BCM pacmnpeHHe naomajiH cppoHxa yBenuBeHneM 3 kbh* 
Ba.ieHXHoro JinaMexpa KananoB npn ccxpaneHun ?!x qiicaa. 
B nocjiejiHeM cavBae xenjioooMeHHiiK nonyqaexca aauHnee 
Zlo CHX nop Bc^onepauHH npoiiSBOjinjiiicb c ^espasMepnbiMn 
Be.7HBiiHaMii zi H Aj, rjie unjieK'c „1“ osnaBaa. bto ohh oxse- 
BaiOT HOBOfi CKopocTii B Kananax xenjiooS.MeHHHKa c xypSynn- 
saxopaMH, yMenbinenHoft sa CBex ypejiiiBeHiiH n.70LnajiH /kiiboxo 
ceBeHHH, npoTHB cKopocxi! B Kanajiax 6e3 xypSynnsaTOpOB. 
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a: = -y 

PaccMOxpn.M Go.iee nojipoGHo nepBbiu BapnaHr KaK oonee 
3(|)c})eKXHBHbin c TOBKii spenHH MBKCHM 3.7 bfioro ooKpaiueHHB xa 
oapiixoB xen.ioooMeHHHKa (VBe.iHBeuHe n.iomajin c|)poHxa jiocTir 
raexc.B npucoeaiiHenHeM onpejie.aeHnoro Biicia Kana.ioB xoro 
SKBHBa.TeuxHoro jnraMexpa. r. e. = const; /i^var). 

ripn vMeHbiiieHHii cKOpocxn JiBHyKenuB pa6oBHx TKiinKocxeii 
sa CBex VBe.iHBeHiiH n.iouiajiH cbpoirra OTiioujeniie K03(|DcbiiuneH- 
TOB xerinooxjaB!! paBno 


C — — — G"* Y'^ 

a 
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/ 




Ko3(J)Cj3HLi;i-ieHT COnpOTHBvieHliH C TVpoy^HSaTO- 

paMH npe^cxaBiiM b ({jopMe 


I'^e 




. (27) 


-= 


im' 


(28) 


K03(|xj3HmieHT COnpOTHBjeHIfH F^aAKOrO KOHaJia 

A'r ^ A, 

^ ‘ Re'- ' 

TAe 

A - 

Hx OTHOujeHne (aah CAyMan nocTOHHHofi nAomaA.H >KHBoro 
ceMeHHB); 

f - A"\Y''-p ^ AFp-^, (29) 


TAe 


A'' 


Ar 

Ar 


.4 - -dL ^dGy- 

Ar 


^'{yv)P- 


npn yBeAHMentiH nAomaAH 4)poHTa oxHomeHHe ko 3 (J)(|)huh 

eHxa conpoxHBAeHMH b xanaAe c xyp6yAH3axopaMH k ko9c|) 
(finUHeHxy conpoxiiBAeHiia b tabakom KanaAe 6yAex paBHO 

Afj~Afy 


TAe 


^ Sr 


A=^(dG)^-P(yy)p- 

Ar 


(30) 


SaA^aMa cboahxch k xomv, mxoSli, yMenbuinB aaiihv KanaAOB 
xenAoooMeHHHKa b KaKoe-xo qncAO pas hs ycAOBHH coxpaHeHHB 
KOAHqecTBa nepeAaBaeMoro xen.ia h vcaobhh coxpaHeHUA no- 
xepb B npeAeaax saAaHHbix, HafiTii HeoSxoAHMoe yBeAHAeniie 
oAomaAn 4)poHTa. - CoBMemaH ooa Ha.TaraeMbix vca'obiih (9) ii 
(20), noAvmiM 


-fr 


Si 

•*^1 
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nOACXaBUM SHaqeHHH H3 (30) H I', H3 (26), xor.-ia 
A (F A F)p^"’ 


(^ 7 ' 


(31) 

HXO ripuBOAHx K OKOHHaxeAbHOMy BHp.eHceHHio AAH oripeieie- 
HHH VBeAiiqeHHH nAoiLi,aAH JKHBoro ceqeHHH AF: ^ 


FAe D = 
Pa3AO/KHB 




I-r 


AF '^ 
F ) 


DF-\ 
n A- r: 'b = p -l. m. 

OlIHOMHHaAbHbifi pHA 

^ , (3 — 1|))(2~^ 


(32) 


(-¥r 

-1 x-(3~i|:) 

(3-44(2 


F 
4-)(l- 


-4) 


2 

•^\3 

F ] 


-dP!- 


(33) 


TOTHor-r.!"*??.. f yPanHeHHa (32) Af c xpeByeMofi 

ToqnocxbK). OxMexHM, ato pasAOHceHiie (33) HMeex Mecxo non 
Bcex 3Ha,eHHax oxHomeHHH ^FJF, yjoe^exBbpHiomHX vcTobto. 


AF 

F 


< 


?pH6j.TeZT°°''"“’' npHKHiOK o'rpaHHBHMCa 

1 4- (3 — 4) ^ 

F 


oxKyAa 


AF == ■ 




(34) 


06 cooxBexdxBeHHoe yMeHbuieHHe aamkh KanaAOB xenAO- 

o6MeHHHKa c xypoyAHsaxopaMH. 06o3HaqHM yMenbiiieHHe aahhbi 
K anaAOB qepes A / = / — pjg npeAbiAymHx bbikabaok iiSBecxHo 


1 

li ^ 


saswcHMocxeft (30) h (26) b (10) 
H, CAHxaa AF yjKe HSBecxHbiM hs ypaBHeHHa (32) boavahm 
BbipajKeHHe aah onpeAeACHHa yMeHbmeHHa a^hhbi Kanajiol A Z; 
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(F 


OpHeHTIipOBO^IHOft OUCHKIl 

. , M , 1 


ycxaHOBHM saBHCHMOCTb MevKiiy K It A'l. J.1B Hero, co- 
BMeman BLipa>KeHiiH (25) n (26), no.iVMiiM 


(F - A Fy^' 

Ms 4)opMy;ibi (37) mokho Haflxn npeneJibHoe 3HaaeHiie yse- 
jiimeHHH nTiomaTiH )KHBoro ce^eHHS AF, KoxopuM onpeAe^iaexcfl 
uejiecooSpasHocxb HHxeHCH(J)HK-amiH c xomkh speHiiH ^ Menbuie- 
HHH o6x.eMa xenTiooSMeHHHKa. HeiicxBiixe.ibHo, npii a'i 1 rie- 
peKOMnanoBKa ochobhux ra6apiiXHbix pasMepoB xen^ioooMeH- 
HHKa y>Ke He npHBO^HX k yMeHbmeHUKD ero oS-beMa [11], x. e. 

<7= (l - (38) 

npHMeHHB pasjiOHveHiie b SiiHOMHHajibHbift ph;i, 3HaqeHHH 

j < 1, Bcer,a.a c xpe6yeMOH xoHHOcxbio mohcho Hafixii 

^pe;^e.^bHoe yBCTiHqeHHe nTiomaAH iKUBoro ceqeHiiH AF^^. 
OrpaHHHHBuiHCb JiHHefiHOCXbKD ypaBHCHUfl A.TH onpe,xejieH!iH AF, 
oyACM HMexb 

A/^np- — (A-— 1). (39) 


npeoSpasoBaB aaBiicitMocxb (41) c yqexoM (29), naiUeM 


Bbipa>KeHne (42) onpeAe.iaex cooxHomeHne Me>Kj,y Bospac- 
TaHHe.M K034)4>imneHxa xenjiooxiiaqii ii yBejiiiqeHHeM' K03i|jcj3ii- 
mienxa conpoxHBJieHita npi^ npiiMeHeHun iiHxeHCii(j3iiKnmin npo- 
uecca xenjiooSMeHa. Flpit S onbixa > Hnp -mw iiMeeM ;ie*io c hc- 
paiuioiia.7ibHbiM cnocoSoM nHxeHCn4)HKamni, x. e. Hao.iio^iaeM 
HpesMepHbifi pocx conpoxjiBJieHHfl, Koxopbin npiiBo;iiix k xoMy, 
qxo nepeKOMnaHOBKa paswepoB xenjioo6MeHHHKa (yBe,inqeHiie 
njioma;iH (|)poHTa ii yMenbiueHiie ji,7iHHbi) hc npuBCTtiix k y.Menb- 
lueHHK) saHHMaeMoro o6x>eMa. 3xo xaHace osHaqaex, axo Bupa- 
>KeHne AF, Bbiqiic,ieHHoe no (JiopMV.ie (32), 6yj,ex oo^^buie 
AFnp, a /ty< 1. Oxcio^ta C7ie;iyex, yxo Hnp mo>kho paccMaxpii- 
Baxb KaK napa.Mexp cyjKii.eHHfi o npnMeiiUMOCxn ;i.aHHoro 

cnoco6a iiHxeHCH(|)iiKamiif c ue.xbio yMenbrneHun o6x.eMa xen.xo- 
o6MeHHiiKa. 

ripiiMeHHM xox cnoco^ nHxeHcii(;})HKamtH npoitecca xen.io- 
o6MeHa, npn Koxopo.M < |np- 11 cnoco6 iiHxeHCH4)iiKamiH 
HB.iHexcH xeM 6o.iee pamiOHa.ibHbiM, neM SoTibiue pasHima 

MC/Kiiy i^npe;i H Coiibir • 

B saK.aioqeHHe HeoGxoj^iiMo ynasaxb, nxo ^aHHbie BbiBO;i,bi 
cnpaBe^JiuBbi xojibKO npn npejxnojiOiKeHnii, nxo c y-vienbiueHne-M 
CKopocxH ;i,BnvKeHna rasa b Kanajiax xenjiooSMeHHHKa Kpiixe- 
piia.xbHbie ypaBHeniifl xen.xooxii,anH h conpoxiiB.ieHiiH co- 

xpanaioxcH Hen3MeHHbiMii. 


3X0X0 sjianeHiia AF„p ns BbipaiKenna (9) HaiUeM 3aBHCii- 

MOCTb ginp: _ 

- . (m-rA--!)-^ _ ■ .40^ 


Ho B 6o;ibmeft cxeneiut nac HHxepecyex saBiiCHMOCXb Mejn^y 
llCXOJlHblMlI BeJIlinHHaMH I H K. 3xy SaBHClIMOCXb MOJKHO no,ay- 
MHXb, CpaBHHB -SHaneHHfl |i H Cinp, T. 6. COnOCXaBHXb BblpaHve- 
HHH (30) II (40). OAHOBpeMeHHO npon3Be.aeM nojicxaHOBKy (39) 
B (30), B Hxore rio.iynHM 


F 4 (^-t- 1) 
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B. n. nonoK 

HCCJIE^IOBAHHE XAPAKTEPHCTM K TyPByjlEHTHOCTM 
OrPAHHHEHHOH CTPyH 


BCTpewaiOTCH BO MHOfHx auepreTHMe- 
CMix, XH.MHMecKHx H ^jpynix npoMbiui.ieHHbix annaparaxx B na- 
npjiBOTtHTCft pe3y.^bTaTbI SKcnepii.MeHTa.nbUbix 
Hcc.ie/iOBaHHH xapaKTepHCTHK Typ6v.nenTHocTii BosavinHoti 

nP«cTaB.iHK,u«fl'co6o:i 
rn"^^ cjiopKaMepbi tobkh c HacaaKoti, h onHcaHHoii b paooje 
inn Kpyr.loe uibiHH;ipHqecKoe conno ;uiaAieTpoM 

100 MM no4;aBanc5 T b coocho pacno*rio>KeHHVK) KaMepv npsiAio- 
oi ono''?"? ^ pasMepoM cxopon 200 X 216 h Junofi 

o“' Ka-'iepa 6bi.ria coeiXHHena c bxoao.m BbicoKonanop- 
Horo BeHTH.nHTopa. Boayxyx b con.io nocxyna.T mb ax.\joc(|)epfai mc- 
pe3 H3jMepHXe.TbHbIII Ko.x.ieKxop c HHMHecKaxHbiM npocbii.ie.M 
TeoMexpuH iicc.ie^yeMOH CHcxeMbi oc.xojKUH.iacb Ha^numieAi b na- 
Mepe pemexKH, nepeKpbmaiomeH Bce ee ceqeHiie. PemexKa hmh- 
xjipoea.ia nacaiiKy Hcc.qeyiyeMOH xobkh. Bo Bpe.MH onbixoB npii- 
MCHH.xHCb 4Ba BHTxa peuiexoK. Oahh h 3 hhx (pemexKa .Vo ] \ noen- 
cxaB.iH.n coooH iiymok xpy6 TiHaMexpoM 0.0275 m, a exopofi (pe'- 
uiexKa Ao _ c.ioH h 3 kvckob Ouxoro orneynopMoro KHpnpqa 
anaMeTpoM ^02o-0,03 >K„Boe cebeHHe ofeax pemeioT dIb 
ii5i.qocb 0,0. Bbi6op c^opMbi 3,aeMeHxoB peiuexKii anKxoBa.icH KaK 
\C,X0BH51MH Aio;ie,3HpoBaHHH xoBKH c HacaaKOH. xaK H >Ke.3aHlieM 
npoBepnxb, B KaKon cxeneHti B.^Hnex Ha xapaKxepHcxuKH xvpgA'- 
^eHXhocxH cymecxBeHHoe iiaMeHeHiie kohcxpvkuhh pemexKH npii 
coxpaHeHHH nocxoHHHbiMii xapaKxepHbix pasMepoB ee s.xeAieHxoB 
n vKHBoro ceqeHHH. Hpn onpeae.neHHbix yc.noBHHx pemexKa mo- 
H<ex OKasbiBaxb 6o.-]bujoe B.nHHHHe Ha rniipo;iHHaMHKv b loxiepe 
He xo.HbKo no xeMennio bhhb. ho h BBepx ox ceSn. 

^ B HacxoHiuefi paooxe HccneAOBa.xHCb xapaKxepHcxnKn xvp- 
o\,xeHXHot'xn B npocxpancxBe KaMepbi .MeHsTiv con.iOM u peinex- 
KOH. B .aa.nbHeHineM no,a c.iobom «KaMepa» OviieM HMexb b bujiv 
HMeHHO 3X0 npOCXpaHCXBO. B paSoxe IIBMeHH.lHCb paCCXOHHHH ox 
conjia AO pemexKH. KOHcxpyKUHH pemexKH. 6bi.iH npoBeaenbi 
onbixbi 063 peinexKH. yc.JioBHH onbixoB Aanw b xaO.iHue. noAPOo- 
Hee SKcnepHMeHxa.TbuaH ycxaHOBKa onucana b cxaxbe [11 
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IXiia-T- 

;iO peiiieTKU 
A'=//D 

Cpe;;HSiH cKOpocTb 
iio3Ayxa B cnuFii- 


1 

2 

1 

28 

U.21-10« 

2 



31 

0.24- 106 

3 

2 


28 

0.21-106 

4 

] 

1 

30.5 

0.22 -106 


1 


31 

0.24106 


MiixeHCHBHOcxb Tvpoy.'ieHXHocxH onpeAe.HH.aacb npit noMomii 
rep.MoaHe.MOMexpa xniia 3TAM-3A. Pesyjibxaxbi xHnuMHOii cepnit 
OHbixoB npH pe>HHMe I npuBeaenbi Ha pnc. 1 . FIpH Apymx^ peH<H- 
Max no.TH KaMecxBeuHO aHa.xorHHHbi h KO.XHnecxBeHHO o.xhbkh. 



SaKOHOMepHOCXH HSMeneHUH HHXeHCHBHOCXH xypSy.ieHXHOCXH 
B 4 )opKaiMepe cxaHOBHXcn noHHXHbiMn, ecAH nonn f cpaBHHXb 
c noAHRiH ocpeAHeHHOH cKopocxii, no.iyneHHbiMH Ha xoii Hce ycxa- 
HOBKe H npH xex Hce ycAOBnax 1. HpH Bcex peniHMax h bo BCex 
ceneHHHX KaMepbi na och noxoKa HaO.xfOAaexcH MiiHiiMyxi iiHxeH- 
ciiBHOcxH xypSyjieHXHOcxii. a npii sHaneHUHX y = 0 , 5 — 0 ./^ MaK- 

CHMyM. Hpii 3 XIIX >Ke sHaneHHHX Y Ha^JiioAaioxcH naiioonbiiiiie 
rpaAiieHXbi CKopocxii cltifdY [ 1 ], HnxeHCHBHOcxb xypoy.ieHXHOCxii 
Ma.io MCHHexcH B npeAe.iax sohbi, aanaxoii noxeniiHa.TbHbiM ha- 
poM noxoKa, b KoxopoM diijdY = 0. ii naniiHaex obicxpo ii3Me- 
HHXbCH b xex 30 Hax. xAe rpaAHeHX CKopocxn HMeex aaMexHoe 
SHaneHne. Hpii Bcex pe>KHMax Ha 6 AK)AaexcH noBbiuieHiie iiHxeH- 
chbhocxh xypOvAeHXHOcxii nepeA pemexKOH. x. e. peiuexKa xyp- 
6 yAH 3 Hpyex noxoK b KaMepe ao ce 6 H. CneKxp xypoy.ieHXHbix 
nyAbcauKH b KaMepe Hcc.ieAOBa.icn npn noMomn SAeKxpoxepMO- 
aneMOMexpa 3 TAM- 3 A h aHaAHsaxopa cneKxpa qacxox ACHX- 1 . 
06 pa 6 oxKa noKa 3 aHHii anaAHsaxopa cneKxpa AaBa.ia cneKx- 
paAbHVK) (pVHKUHlO F (/). OHpeAe.T HeMyiO Bb!pa>KeHliHMII 
11 . ' • 16 ! 
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0 

\mdf= L 


(1) 

( 2 > 



npiiMepa noKa:iaHa aaBiiciiMocrb cneKT- 
p 4)\HKmiii OT qacTOTbi j.an paa.auMHbFx ToqeK ceqeHiiji 

mvm ho STOT^'.ar/.nr®^’' ^ 

"ac^r^if 5^^^^ 

cneK?na o6?inv^?,I? "P" aaHHoro aHa.iiiaaTopa 

npeae^a^-rc =200-1^50 nyaBcaua,,. .ae>Kar'^B 

® "P" vcn.ae- 

BHaHo uTo H -T iiocTiiraer HecKo.ibKHx Tbicaq repp, ho one- 
m" X qacTOT-iv cneKxpa.ibHan cfiynKmirHa oo.ab. 

qacTb aiienru'-. Tvlf' ww^towvho Ma.ioe 3HaqeHne, a ocHOBHan 
qacTOTbi rio *H«r ny.nbcamjfi npiixopHTCH Ha HusKne 


= |cos2-/t/^(/;,/;^ 


(3; 


B KaqecTBe npHMepa saBHCHiwocTH = /(t) na pHC • 3 ^an rpa- 
<PHK 3TOfl c|3yHKUHH TOqKH = 0, 1 2. K = 0,02 npH pe>KHMe2 
B ApyrHX ToqKax h npw jipyrHx pejKHMax saBHCHMOCTH = /(ri 
KaqecTBeHHO aHa^orH^Hbi. 

yqacTOK x = O^T 2 npe^iCTaBJiaer coOofi speMH, b reqeHHe 
KOTOporo OKOJio HenoABH>KHoro HSMepHxeyiH npoxoAHT HeKoro- 
pbiH oO-beM rasa, xapaKTepHsyeMbifl tom, hto CKOpocTH oxiie.’ib- 
Hbix ero qacTHHCK HMetox KaKyio-TO craTHCTHMecKyio cbhsb iipyr 
c ApyroM. 3 th CKopocTH Moryx Sbixb HanpaB>ieHbi Kan b oahom 
xaK H B pas^/iHMHbix HanpaBi/ieHHflx, o hom roBopHx HajiHHHe khk 
HOT ioJKHxeTibHofl, xaK H oxpHuaxe,/ibHoft BeXBH 4)yHKUHH R^ = f(-). • 
y qacxoK T = 0 Ti npejncxaBTiaeT coOoft BpeMa npoxojKAeHHJi 
OKo,/io HenoABHJKHoro HSMepHxejia xaKoro oO-beMa rasa b koto- 

pOM CKOpoCXH OX 71 .e 7 IbHbIX ’ 

ero qacxHu He xo,«bKo cxa- 
XHCXHqeCKH CBHSaHbl, HO H 
HMeioT ocesyio KOMnoHCH- 
xy OiXHoro SHana, x. e. Bpe- 

M5IT=0-f-Ti 3X0 BpeMH 

npoxo)Kii.eHHa okotio He- 
no;i,BKiKHoro H 3 MepHTe,fia 
xypOyjieHXHOro MO,nH. rio- 
sxoMy Mbi onpeAeJiHJiH Bpe* 

MeHHofl MacLuxaO xypoy- 
.leHXHOcxH BbipaaceHnew 




(4) 



Phc. 3. KpHsaji Koppe/inmiii cKopocTH no 
w BpeMCHH npif '■pejKiiMe 2 b tomkc KaMepu 

A =0.12. y=0.02 

MacxoxHbiH cneKxp xyp- 

oy^eHXHbix nyjibcauHfl xMohvHO xapaKxepHsoBaxb cpe^H^ft qacxo- 
Tofi ny,«bcauHH, Koxopaa onpe^ejiHexcH Bbipa>KeHHeM 


jH'VOT/d/ 


/cp ~ ' 


(5) 




B KaqecxBC npuMepa na pHC. 4 , 6 ^aHa saBHCHMOcxb = f(Y) 
B ceqeHHH KaMepu ;\: = 0,12 npn pex^HMe 1. p / 

B itpyrHx ce^eHHflx h npH iipyrwx pejKHMax saBHCHMocxH 
/cp HMeiox aHajiorHqHbifi bh;i. OyHKUHH /cp=/(^)npH 

Bcex pejKHMax h bo Bcex ceqeHHHx hmciot MaKCHMyM b oOjiacxH 
HanOojibujHx ppa^iHeHxoB cpeaneft CKopocxn. CpeiiHHH qacxoxa 
/cp npii Bcex pejKHMax HSMenajiacb b npeACTiax 100—30 2 t{. Hs- 
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MSHeHHe /cp Ha o^HOfi KpHsofi paBHj3.aocb b cpe^HeM 40 
SHaMeHHe /,p y cxeHKH npH t^cex pe^KHMax MenLe cooTBeT: 
CTByiomero SHaqeHHH na och noToxa. 

Bo. Bcex Hamiix onbirax Kaxoro-TiHOo onpe^e.ieHHoro bjihh- 
HHJi peuieTKH Ha hg oOnapyxceHO. 

Cpe.aHaB qacrora xypOy^eHTHbix nyjibcauHft CBHsana c Boe- 
MeHHbiM MacujTaOoM TypOyyieHTHocTH cooTHomeHHeM 


BHatieHna K BbiqHc^enbi no tjjopwyTie (6) Kax 

pciSviHnHbi.x Tonex oahofo ceneHHH, Tax h Tonex pa3;iHq- 

Uf^/cg^t — ■ — I— — 1 ceneHHfi, 7re>Kaui,Hx na 

' ^ _ I OCH CHMMerpHH xaMepu. 

® MaciiiTaO TypOy^enTHocTu 

V ^ onpej^ejiHJiCH onHcaHHbiM 

\ Bbime cnocoOoM, a / no 

^ 4^opMyjie (5). Kax noxa3a./iH 

f ^ 3TH pacneTbi, X034)(i)HUHeHT 

A coxpanneT npHwepHO 

5 nocTOHHHoe SHaneHHe 

40 S r - ' Bcex Tonex. Oxx^iOHenHa 

K OT ero cpe^Hero apHtf)- 

/7L I MeTHnecKoro SHaneHHn. 

paBHoro 0,159, HocaT cjiv- 

T- 1 naHHbifl xapaxTep h ho 

B npeBbiuiaiOT 7,5 %. Ohsh- 

I I necxHli cmucti noayqeHHO- 

1 3xcnepHMeHTa;ibHO no- 

n I ^-1 4 CToancT^i K snoTiHe no- 

" 1 HHTeH. nOCTOHHCTBO HO^IT- 

BepHiZtaeT npencxaB^CHHe 
, ,, ~ cpeAHefl nacTOTbi tydOv- 

JiT,M/cex V [- .leHTHbix nyabcauHfi xax 

I \ 2 oOpaTHofl BeaHqiiHbi Bpe- 

— V MCHH n-poxo>KneHHa rypOy- 

j \ .leHTHoro MOTia oxojio ne- 

q\ \ no^iBHJKHoro H3MepHTe./in. 

0 ■' ^ npHMCM, qxo X03(p$H- 

p»c. -1. 30„„c„„0CTb u=-UY) (a), I', “xpaHaeT nocio- 

6 ). . 4 ' =/(y)(e)(/-i=o 12 «HH 0 e SHaaenwe bo Bcex 

o ’ ’ Toqxax xaMepbi h paseH 

‘ 0,159. Onpeiie.«HB K, mojk- 

Ho HaflTH aoxayibHHe saa- 
qenwa anHeftHoro MaciuxaSa xypOyjieHXHOcxH no d)OD- 

MVJTP '1' J- 


noZa“o„te;S„B,?Zrir6^ -“POCT. 

pa3Mepy, b noeiieviax ^YPoy^xeaxHoro mo.ih, t. e. 

THcxHqecxaa csaab Mejxiiv swa'iHxe^bHaa cxa- 

Hux 0Ca.eM0B np„“eM Bce 3.,e.MeHTap- 

B-iarout-yro CKopoc™ o^Horo aaLa “ 

MeuiHBaHHa 1 ^, ^npa^'e^ nepe- 

30k X e^HHHue fSJ. uhcht nponopuHOHa^bHOCTH 6;Tn- 

TiejiaeTCH TypCyjieHTHOro oC-bewa onpe- 

^ ~ • (S) 

= ^ ^OJKOM OnpCACaHTb Be/IHqHHy A' ^ 

R ’ H qHc.«eHHO O^hskvio k A. ^ 

MOCTH i, nKfwa^ceaeHHa ''I =^^12 ™ 

"™';i)yHKarH “= P"'- ""-^"aMaTer; 

vaacTKa: ““s-ot rpa xapaKrepHwx 

nepexoA^^peA^eTSJeBoT cko7octh^ al,e3 0- " ^ 

B) H„3KHe H ,Ma.ioH3.«e«B«>4eca aHa"e„H'a i « 4' b 
OO paXHbIX TOKOB. c 4.^, H 3 30H€ 

coor°eTCTBySL!eM'HvLIXy^3"L?^^^^ "P" ^HaaeHBH y. 

cth, wacinrae Typ6vieHTHocT^ ocesoH cpeAHefi cKopo- 

B TO Bpe.Ma Ban hhtbhchbtoctb rvn? ° PBcaery, paBen hv.tio. 

THTb. HTO OAHa HHTeiJCHS^HOCTb TypeSTHOCra . 

3yeT 3HeprHH xvpdv.ieHXHbiY nv^V^laf. - ^ xapaxTepH- 

HHXeHCHBHOCTH XypOV.XeHTHOCTH ^HO OO.TblUOH 

POCTH noTOKa n}L\u^‘'’o7oXrr^^^^ 

bieHTHbie Mo.nif, o6.iaAaiomHe oncHb mJL;? « TypOy- 

pOCTbX), B VCJIOBHHX OTHOCHXenbHOM CKO- 

cymecTBOBaHHA Kax<A0ro OTAeitHoro' ^ojibUjHMH. BpeMA 
MepoM TypSyjieHTHbix Mo/iefi b o6.qacTM mLI 

e"?a naa^ra Tp'eVeJ M*ac™Vb7nvTb?a°' 
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TOKe ne Mowcex obiTb crporo cftiiKCitpoBaHHUM. Tomkii sxoii no- 
BepxHocTH ny.ibCHpyioT.OKO.io HeKOxaporo cpe;iHero no.io>KeHn 5 t 
CO cpe.aHeH qacxoxoH xypSy.ieHxHbix nynbcauHn npH.ieraiomiix 
oS.iacxeH noxoio. FIoBxoMy b .ifo^on (|5HKCiipoBaHHoii xoriKe 
B o6.iacTii nepexo.fl;a cpe^iiiHx cKopocxen qepea 0 ccxpannexcH 
HHxeHCHBHOCXb Typ6yjieHTHocTn H qacxoxa ny.ibcauHfi npH.iera- 
lOiuHX oS.iacxefi noxoKa, a .MacmxaS rypSy.ieHTHocxii HMeex ana- 
qeHiie, oviHSKoe k hv.iio. 

CpaBHeHHe pHC. 4, ^ h a noKasbiBaex, qxo KpiiBWe =- / (V') 
hmciot waKCHMyM B oS.n.acTH waKCHxMyMa d'h^/dV-, mo naxo.HHTCfl 
B cooTBercTBHH c HSBecTHOH runoTeBOH Kap.MaHa o cbhbh nyxii 
nepeMeuiHBaHHH co sTopofl npoHSBOAHOfi u no 

C yBe^HqeHneM paccTOflHna ot con.ia K034)c{)HUHeHT xyp- 
6y7ieHTHoro OD.MeHa b ochobho.m noxoKe yMeHbiiiaeTCH b cbhsh 
c yMeHbiueHne.M cpejiHiix CKopocxeu. 

BoszteHcxBiie pemexKii na /I' b paa.mqHbix qacxHx xaMepbi 
npoBB.iBexcH HeonHnaKOBo. no.a B.iHBHue.M peuiexKH B Kawepe 
\ BeviiiquBaeTCH HHxeiicHBHOcxb Typ6y.ieHXHOCTH ii noxoK peunp- 
Ky.iapypomHx rasoB. yBe.iHqeHne pacxozta pemipKy.inpyiomHX 
rasoB npiiBOAHx k vBe.iHqeHHto cpe^nnx cKopocxeii b ochobho.ai 
noTOKe H B 30He peunpKy.iHUHH. 3 tot 3(})(}3eKx iiMeex Aiecxo r.iaB- 
HbiM oSpaaoM B cpejiHeii qacxn Ka.Mepbi. Henocpe;icxBeHHo nepeji 
pemexKOH peuHpK\MHU,HH noqxii npeKpamaexca h cperiHHe cko- 
pocxH cooTBexcxBeHHO noHiiWvatoxcH. B Q.iiiHvafiiue.M k con.iy hc- 
c.ie;iOBaHHOM ceqenHH (na paccxoBHUn 0,5 ero jiiaMexpa) aa.Mex- 
Horo B.qHBHHB peinexKH Ha no.ie CKopocxeii He HaS.irojiaeTCH. 

yqHxbiBan, qxo npH npoqHX paBHbix ycxiOBiinx c pocxoM cpe/i- 
neii cKopocxii yeevinqiiBaioxcH ny.ibcamiOHHaH CKopocxb h Mac- 
mxa6 TypOy.ieHTHocTH, mojkho CKasaxb, qxo Ha.inqne pemexKH 
jo.iH<Ho VBe.mqHBaxb anaqeHiie b cpe/iHeH qacxii KaMepbi, 
yMeHbiuaxb ero b npocxpaHCxae, pacno.ioxceHHo.M nepea pemex- 
Koii, H He OKa.3biBaxb saMexHoro B03a.eucTBHH na A!^ b nepenHefi 
qacTH Ka.Mepbi. PlMeHno raKoe B.inHHue pemexKH Ha6.iioa.a.iocb 
BO BpeMH HaiHHX OHblTOB. 

npHBea,eHHbiH Bbime aHa.ma Ttaex B03M0>KH0CTb npoHSBecxn 
oueHKy HHxeHCHBHocTH xypoy.ieHXHoro nepeMeuiHBaHHH b pas- 
•iiiqiibix .BOHax Kaisiepbi. na ocHOBannH qero mohcho c.ae.iaTb c.ie* 
iiyromHe BbiBojibi. 

1. HaH6o.iee iiHxencHBHoe TypSy.qeHXHoe nepeMeiuMBauHe na- 
o.qioflaeTCH b norpaHHmiOM c.ioe ocHOBnoro noroKa b nepe;iHeM h 
cpeii,Heft qacxii Kawepbi. 

2. PemexKa iiHxeHcucjjHHHpyeT xypOyneHTHoe nepeMeuiHsa- 

HHe. npHqeM sxox .HaS.noAaexcH rnasHbiM oOpasow b 

cpe/iHeft qacxH KaMepbi. 

3. Typ6y.ieHTHbiH xen.no- h Macconepenoc BHyxpH noHbi peuHp- 
KyvlHUHH H MOKay 3X0H SOHOfi H OCHOBHbIM HOTOKOM npOTCKaeT 
iQ6 


oqenb c.ia6o. Oh b aecnxKii ii coxhh paa c.iaoee. qeM b norpa- 
HiiqHO.M c.ioe ocHOBHoro noxoKa. 

4. Ko3(j)(|)HHHeHx xypOy.ieHXHoro oo.Mena .4^ n.Meex MaKcii- 
Ma.ibHbie 3HaqeHHH b bS.iacxii nepexo^ia noxeHUHa.ibHoro H/ipa 
ocHOBHoro noxoKa b norpaHiiqHbrii c.ioii. x. e. b oo.iacxii MaKcii- 
Aia.ibHbix anaqenHii d-ii/dV-. 

06O3HaHeHH5I 

/ — A-iHHa KaMepbi (paccxoflHHe ox con.ia ;io peiiierKii). D— nonepeMHbiii paa- 
Mep Ka.Mepbi , b — paccTOHHiie ox npoi,o3bHoii ocii CH.MMexpim a,o TaHHoii tomkii » 
ropjiaoHxa.TbHOM HanpaB.TeHHn . X = l/D — SespasMepHasi iipoao.TbHan KoopxiiHaTa, 
} =b/D — SeapasMepHasi nonepeiHaH Koopaunara. i/— oceiiaM cocTaB.is3K3inas 
ocpej,HeHHOH no BpeMenii noKa.TbHoii CKopocTii. ir'— ocenaH cocTaB.i5iiouiaH .lo- 
Ka.TbHoii nv.ibcamioHHoii cKopocrn e = 

1 U --U liHTeHCIlBHOCTb TVpov.ieHTHO' 

/ — qacTOTa xypoy.ieHTHbix ny.xbcamifi k repua.x, fcp — cpejHsi.q ' nacxoxa 
xypoyjieuxHbi.x ny.ibcamii'r . F (f ) — cneKxpa.ibiiaH ({jyHKUi si, / — BpeMH, t — oipe- 
30K Bpe.MeHii , coeniiHHiomHH Koppe.xupveMbie CKopocxii, R- u'{i)u'(f-i-T)/u7iF 

— K03(i)(i)HUHeHT KoppeJIHUHH npO^IOJlbHOii KOMnOHeilTbl CKOPOCTH B OAHOl'i Ii TOIl 

>Ke TOMKe B paaHbie MoMeHXbi BpeMenn , T - — BpeMewHoii Macmrao rvpoy.xeHXHoc- 
xn, MacuixaC xypoy.ieHXHocTii. — K03(|)(|Dnu,nenT xypoy.ieHXHoro ooMCHa. 

J1 H rep ary p a 

i. non OB B. n. -AepoAHHaMHMecKiie iicc.xejOBaiiHH Kajiep cropamiH xo- 
KOB c HacaaKofi. JVb 3, 1962. 

^ 2. C o j] H u e B B. n. SKcnepiiMeHxa.xbHoe iicc.neH,OBaHiie napasiexpOB xyp- 

oy.ieHxnocrn b Hape cboSojihoh cxpyii. C6. «CTa6n.xii3au,iiH njiaMemi n paaBn- 
Tiie npouecca cropainin b Typ6yjieHTHOM noTOKe». OSopoHnia, 1962. 

^ T'ypey.xeHXHocxb pvc.xoBoro noxona'. JI.. riiipoMex- 

H3,xaT. 19o2. 
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A. .tl. BATHEBCKliri. A. .T. .MOCC9. Jl. li. TAPACEBfIM 

KOHBEKTMBHblW TEOJIG- H MACCOOBMEH 
nPH rOPEHHM XHMHHECKH AKTHBHbIX BEIUECTB 
HA nOPMCTOH nOBEPXHOCTH 
B norPAHMMHOM CJlOE 

Pemeniie pajia aa/iaM cosTiaHiiH hoboh tcxhiikh npiiBe.'io 
K Heo6xoiiHMOCTH BOHCKa cnocoSoB Ten.noBoii samHTbi paa.iHM- 
IlblX KOHCTpyKUHOHHblX MaTepHB.TOB, HCnO.TbSy RJlllUXCH npil Bbl- 
COKHX Ten.iOBbix narpysKax (nopaaKa 8-MOXlO® kkoaIm- • uac) . 
B 3TOiM c.iyqae nepenoc renaoBOH SHeprHH npoHcxoa,iiT aa cmct 
KOHB eKUHH, xen.ionpoBOAHOCTH Mepea norpaHHMHbui caoi'i h na- 
.TV'MeHHeM OT ropainHx raaoB. Ha ao.TK) najiyMenna b aiiix yc.xo- 
BHBx npHxoaHTCH nopaa,Ka 30% nojiHoro TenjiooTBo;ia, ocTa.ib- 
Hbie 70% naiiatOT na ao.tio KOHBeKUHn h lenaonpoBOTtnocTu ae- 
pea norpaHMMHbiH cnoi'i. 

OitHOAiy Ha MexortoB xen.ioBoii aamnxbi noBepxnocxeii ox Boa- 
ZieiicxBHH BbicoKOxeMnepaxypHbix hoxokob b naoxonmee BpeMH 
yae.xHexcH oco6oe BHiiManHe. Penb niiex o Mexo;;e noaamt dx.xa- 
anxejiH Mepea nopHcxyio noBepxHocxb, npimeM ociiobhoh noxon. 
OMbiBaromnH nopHCxyio noBepxHOcxb, Bcxynaex b peaKUHio c ox- 
.laaHxe.xeM- B naMecxse ox,ia;iHxe.iH HcnOoXbayioxcn paanimubie 
BHAbi raaoodpasHbix ibiH >khakhx BemecxB. cnocoonbix Bcxynaxb 
B xHMHqecKyio peaKUMK) c raaoM ochobhoxo noxona. 

HayqeHiie b.xhhhhh ropeniia iia npouecc xen.no- ii Maccooo- 
Mena npH HH>HeKUHH raaa hjih >khakocxh npoBOAii.iocb khk b .xa- 
MHHapHOM, xaK H B xyp6y.xeHXHOM norpaHHMHbix c.noax. HaiiOo- 
.xee riojiHbie iicc.xeAOBanHH nposeAenbi no ropeHUto BAyeaeMoro 
ox.naAHxe.xH b na.MiiiiapHO.M norpanunHOM c.noe. Peay.xbxaxbi sxnx 
Hcc.neAOBannn onyO.nnKOBaHbi b paSoxax [1 — 5] h aP- Hxo Kaca- 
excH HCc.neAOBaHHii b xypOy.nenxHOM norpanHMHCM c.noe, xo ko- 
.nimecxBO Bbinonnennbix n onyS.niiKOBauHbix paoox BecbMa orpa- 
HHMeHo [6. 7, 9], 

B pa6oxe [6] iiposeAeno xeopexnqecKoe iicc.ieAOBauHe xpeniiH 
n xen.nooO.Mena b oKHMae.MOM xypSy.nenxnoM norpanunHOM c.noe 
npH HaAHquH xuMHMecKH.x peaKUHii, oOyc.noB.neHHbix bboaom 
HH opoAHoro BemecxBa. OcHOBHoe Aonyineinie — CKopocxb xiimh- 
J6S 




necKOH peaKuiiH SecKOHemio Be.niiKa no cpaBiieHUfo co CKopocxbKn 
AHdifjnyaHH: 

. (H 

3x0 nosBOAHAO cMHxaxb aony peaKunH ((JnpoHx n.naMeHn} b no- 
rpaHHHHOM CAoe SecKoneMHo xoHf<oH noBepxHocxbio no cpaBiie- 
HHK3 c XOALAHHOH norpaHnqHoxo CAOH. JJ.ASI oSecneneHUH nepa- 
BeHCXBa (I) BeAHHuna KOHcxanxbi cKopocxii peaKnini A’,. oMCBiiA- 
Ho, AOAMCHa 6bixb Aocraxoqno Be.nnKa. mxo iiMecx mocxo xoabko 
B c.nynae BbicoKHx xe.Mnepaxyp b norpaHimnoM c.noe. 

JtpyrHM AonymeHne.M, Hcno.xbayeMbiM b paooxax [6] n [“]. 
HB.nnexcA xo, mto micAa Pr n Le npHniixi aioxcn pasHbiMii oah- 
HHu,e. OpH pemeHHH aaAaqn axo Aaex aHamixe.nbHbie MaxeMaxn- 
qecKHe ynpomeHHH, coxpaHHH ocuoBHbie qepxbi HBAenun iioao 6- 
HbiMH HepearHpyiomHM norpaHnqHbi.M coohm. 

JIah HayqeHHH xHisiHSMa peaxHpyiomHx norpanuMHbix cAoen 
MOA<Ho BOcnoAbaoBaxbCH H ApyrHiM MeroAOM, ncnoAbayn cyme- 
cxByiomHe Bbipa>KeHHH aah CKopocxen peaKunn. OAilaKo axo 
CBHaaHO c BBeAeHHCM ah6o qpeaBbmafiHO CAo>KHbix .xiaxeMaxii- 
qecKHx pacnexoB, ah6o pnAa orpanHHHBaioiuHx Aonxmeniiii, khk. 
HanpHMep, axo CACAaA ZlyneH [10], Koxopbiii noAara.n naBecxiibi- 
MH KOHueHxpauHH KOMnoHeHxoB Ha noBepxHocTH H no.nvmiA hh- 
xepecHbie peayAbxaxbi. 

ypaBHCHUH, xapaKxepHsyiomHe xypOyAeHXHbifi norpaHimHbifi 
c.nofl, B padoxax [6, 7] noAyqeHbi npH 4>opMaAbHOM BBOAe cpeA- 
Hero BpeweHH b cooxBexcxByiomHe AaMUHapnbie HAeHbi c vqe- 
TOM (jjAyKxyHpyiomHx bcahahh. npnqeM ccah b paSoxe [6] pac- 
CMoxpeH cAyqafi EAOCKoro ABHAceHHH Ha nAacxHHe c ncnoAb- 
aoBaniieM Koa([)(|)HUHeHTOB AHHaMHqecKoft ;j. h xypoyAenxHofi a 
BH3K0CXII, xo B paSoxe 17] .aHaAH3HpyexcH ooAeeoOmHft CAyqafi 
AAR oOAacxil, TAe o6a npouecca nepenoca — xypOvAenTHbifi h 
•MOAeKyAHpHblfl — 3HaqHXeAbHbI. CooTBexcTBeHHO aXOMV HCnOAb- 
ayiOTCR KOa(|)C})HUHeHTbI npOBOAHMOCXH KOAHqeCTBa ABH>KeHHH E.. 
Maccbi Eo.i H xenAOBofl aHeprHH E;,, Koxopbie b xypOyAeHTHofl 
qacxH noTOKa onpeAeASJAHCb qepes cooxBexcxByiomHe cootho- 
PeflHOAbAca, MaccoByio h xepMiiqecKyio 
AH(t)(i)y3Hio cooxBexcTByiomero cpeAHero rpaAHeHxa. B pa6oTe‘[7i 
npHBOAHTCH aar paccMaxpHsaeMoro cAvqan b HaHOoAee hoahom 
BHAe cHcreMa ypaBHeHtift: 

a) HenpepbiBHOcxH 



6) KOAHqeCTBa ABHJKeHIIH 
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b) iiii4)4)y3nii 


— dC, l-r; - i 

dC,- 

dy 
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di/ 1 

0 Kp,i 


(4) 

r) anepriin 







- (77 - 
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i- 1 
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[1 - Le->]x 



1 — Pr-; 

1-^ 


)]■ 

(5) 

IIcnoAbsyn yKasannoe 

Bbiiue 

npeAnoAon<eHiie Pry — 1 

n 


Ler = 1, nojiyiiaeM SHamirejibHoe ynpomeHHe ypasHeHUH snep- 
niH. KpoMe Toro, npii cpaBHHTeTiLHO He6o7ibiuHX cKopocxHx no- 
TOKa, oqeBHjtHO, MO>KHO npeHe6peqb h ;i,HCCHiiaTHBHbiM hjichom 
vpaBHeHHH BHeprim. Torjua vpaBneuHe (5) npuMex bha 



B c-iyMae paccMOxpeHHfl jiaMUHapHoro norpaHiiqHoro c^ioh 
1U1H .la.MHHapHoro iiOAC.ioa HassaHHbie Bume KOscfxJiHUHeHXbi 
npOBOAHAiocxH npeACxaBTiHioxca Kax 6o.;iee HSBecxHbie MOvieKy- 
.aapHbie KoatlicjjHmteHXbi jj., D^j, X. 

B AajibHeHUieM aBxopbi [6, 7] pasjiHqubiM oSpasoM noAXOAHx 
K pemenHio nocxaB.neHHoft saAaqH. ripHnaxan b pa6oTe [6] Mexo- 
AHKa nocxpoeHHH pemenHH He xpe6yex sHanHH saKOHOB pacnpe- 
Ae.aeHHH KOHueHTpauHH, xeMnepaxyp h CKopocxeii no xoTimnne 
norpaHHqHoro c./ioh. pacqexa HHxerpajibHbix xapaKxepncxHK 

norpaHHqHoro cjioh Aocxaxoqno snaxb csnsb KOHueHxpaunft h 
xeMnepaxyp c npOAO.abHOH CKopocxbio b norpaHHqnoM cjioe. Oa- 
HaKO A-^iH nojiyqeHHH xaKoro pemennH asxopy npnmjiocb ncnojib- 
30Baxb nojiyqeHHbie b [1] cbhsh Me»CAy KOHueHxpauHeH n cko- 
pocxbio A*ia .qaMHHapHoro norpannqHoro cjioh h cnnxaxb. qxo 
OHH cnpaBeATiHBbi h A^qn xypdyjienxHoro norpannqnoro cjtoh 
BBHA y AonymeHHH o SecKoneqHoft CKopocxn xiiMnnecKoft pean- 
UHH H paBeHcxBa eAHKHue .laMiiHapnbix h xyp6yJieHXHbix nncen 
OpaHAX.lH H JlbHDHCa. 

B pa6oxe [7] npHHHx HeCKO^ibKO hhoh noAXOA k paccMOxpe- 
HHK) saAaqH. ynpomeniie ypaBHennH AH4)4)y3HH Bbinojinnexcn 
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ny ie.M aaMCHbi qneHOB, xapaKxepiiBV louinx EecoBvio aohio MO.ie- 
KVJiapubix BemecxB C,-, q.ieHaMii BecoBon Aoaii axoMapnoro 
Bemecxea Cf (wexoA Se.ibAOBuqa (8)), npHcyxcxByiouj,!ix bo Bcex 
xHMiiqeciviix ^opMvaax n paccHHXbiBaeMbix no .lOKa.ibHbiM na- 
MeneHiifl-M KOHneHTpaunfi BeinecxB. Opu ixoM BbinaAaex q.ien 
zt\, iipeACxaB.intomnff cooon oS-bewHyio BecoevK^ CKopocxb oo- 
pasoBaniiH i-ro KOMnoneHxa c.\iecn, ho coxpaHnexcn .iiiHciiHaH 
CBH3b Me>KAy C* H //r npii Bbirio.qHeHHii cooxBoxcTByromiix rpa- 
HiiqHbix ycjioBiiH. B Aa.abHefimeM, c-xeAvn .^Insy [9], onpeAeonex- 
CH qncjio St qepes BbipaTKenne MOAiicfinufipoBaHHoro iiapaMGxpa 
BAVea B BHAe 

B' (oo)^;p^z/,st. 

rpaHHMHbie yc.iOBHH A.afl O.. (9.7ieMeHxa, Koxopbifi oxcyxcxBvex 
B xojf.n:iBe) Bbipa>Ka}OXCH b bhag 

CdJCl^ - B' -y i 

HAH npH Co,e = 0 

C,!;:, = 3B7(B' — 1). 

onpeAGAeniiH Sa^aHca SHepniH na nopitcxofl noBepxHO- 
cxH B pa6oxe [7] iicnoAbsyexcH peampyiomaa cncxeMa — oaho- 
cxynenqaxaH peaKUHH ropeHHH Mexana 

CH4 4- 2 HcO CO.2 - 2 H.2O. 


noAo6Hoe npiiMenenne naxOAHT peampyiomaH cHcxeMa 11 
B pa6oxe {13 ], tag paccMaxpHsaeMbie xuMHqecKne peaKuiiH npeA- 
cxaBAHtox coCoii peaKunio ropeHHH yrnepoAa nepBoro nopHAKa, 
nponecc HcnapeHHH, AHCCOunauHH h peKOMSiinauHn KHC.iopoAa 
H aaoxa. BecoBbie aoah MOAeKVJiHpHbix BemecxB C 3 , CO, O, O 2 , 
N, N2 na noBepxHOCxH onpeAe.JiHioxcH c noMouibio Koncxanx pas- 
HOBecHH 3XHX peaKHHH c yqexoM rpannqnbix yc.aoBHH na noeepx- 

HOCXH. 

B paSoxe [7] paccMaxpuBaercH peaKunn, npoxeKaiomaH b no- 
rpaHHHHOM CAoe, X. e. cqHxaexcH, qxo KiicnopoA na cxenKe oxcyx- 
cxByex, xorAa ypaBnenne Cananca Bnepriin oyAex n.Mexb bha 

= Stp^Ugi Co,,eho..ii^ Cx.,. • QR.Xo.Ci’ C'oj.t')- (6) 


TaKHM o6pa30M, oqeBHAHO, qxo b 3 xom CAyqae xenAonepenoc 
xoqno ne saBHcnx ox MOAii^HUHpOBanHoro napawexpa BAysa B'. 

Bee BeAHqHHbi b ypaBnenHn (6) onpeAe.iHioxcH npn ropenHH 
H xeMnepaxype cxchkh. 

AAHaSaxHqecKan xewnepaxypa nAaMenn onpeACAHAacb npn 
ycAOBHH, qxo yACAbHbie xenAoeMKoexn O2 h N 2 nocxoHnnbi h 

paBHbi, xoFAa 


0.24 (r„ 


-n) = 


0,23 Qa.Oi.w 

(1 +//e)crex 


(7) 
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iannca'^Tb ToiKiHea k bosavxv, raK aro (6) .Moa<Ho 

~ St 1(7,,^ ^ — 7.^,) __ (7,^ , — 7,,)]. ( 7 '; 

Tak- K-ak oo.ibiuitHCTBa Ton,inR (/ i7)c^e.x <. 1, aaiiiiiueM 

^ _r ( 7 "^ 

Pa6oTeJ7] a b SonbuiHucTBe /tpyrtix paoor no rvpov.ieHT- 
noAu xen.ioooMeny ncno.abayeTcn rnnoTeaa Penno.ibaca o'nono- 
OHH Mew Typ6y.ieHTHbiM nepenocoM Maccbi Ko.innecTBa itBH- 
H aHepmn. .nns [9] noKaaa.-i. mto ec.a.t aHan^rnn PeiV 
ho.nbAca npHMCHBexcB b oo.iacxn rio.THocxbio paaBuxon xvdov- 
.leHXHocxH, xo «MOii.e,ib». BbiopaHHan ti.xb xnAumecKHx peakanfi 
a xaK>Ke CKopocxb peakunn npn Le=l ne nrpaiOT po.in. Hcnoab- 
soBaHHH oaHoro nnxerpa.xbHoro ypaBnennH KapMana ovaex rio- 
cxaxonno, qxo6bi ouenuxb noBepxnocxnoe xpenne. xen.ao- n xiac- 
cx)oOMeH y noBepxHocxH. 

° "O-iBoja liemeCTBa k iioBep.x- 

HOCTII, JI 113 [9] cpaBHHBaer jBa .MeToaa. B paooiax [14 151 cob- 
ceM He yqHTbiBa.iacb MacxHHHo naMUHapHan o6.iacxb bo.xhsh no- 
BepxHocxH H npo4)H,ab CKopocxeii no.ivneH nvreM nnxerpiipoBa- 
HHH ypaBHeHHH BHUa ■ • leipiipOBa 

( 8 ) 

rjie (p — Hop.Ma.ibHbiii k noBepxHocxn noxok BeiiiecTBa rinii 

npaiktraH o it.iiiHe' nyVn 

3xoMy Aiexoiiy .Ina npoxnBonocxaB.xae r xiexoa. Pshhh rill 
KoxopbiH HecKonbKo npome .Mexo;ia. ncno.abaoBanHoro b paooxax 
[14, iSJ. B qacxHOcxif. b neM ne Hcno.ibsyexcH Konuenunn npann- 
TcIh o a^xime nyxn CMeinennH. 3xox Meroa rio.iaraex, nro noBBoi 
BemecxBa He CKaabiBaexca na xypoy.ienxHOM nape n cpaiuMBa- 
npo(j)iMb ckopocxen B .laMIIIiapHOM 
nojiaaoe c HeH3MeHHeMbi:,i .lorapHtti.MiiqecKHM npodm.ieM b xvp- 
oy.xeHXHOH qacxH c.iOH. - ^ 

Kpokko [12] o6o6mij.T ynpouieHHbiH ananna P^hhh na cnyqaii 
HHvkeKUHH c yqexoM XHMtmecKHx peaKunfl n ancbdivaHn. jl.iH hh- 
TeHCHBHocTH xypSy.xeHXHOxo xen.xoooMeHa npn na.iHquH nonBOAa 
xHMiiqecKHx peaKUHii .Ina npeAno.iaraex vpaBHenne 


= A/2^.[1 ~(Le«— 1) 


Ah. 


~BLe\. 


(9) 


OAHako dJeppii [ 9 ] cqiixaex, qxo nocko.ibkv Be.Tnqiiiia xenjio- 
Boro noxoka b ypaBneHHH ( 9 ) onpeAe.xHTCH raibko npH xpaHHq- 
Hbix yc.xoBHHx Ha cxeHke h na BHeuiHen rpaHiiue noxoka xo Bce 
npoHcxoAHUiee BHyrpH norpaHnqHoro c.xoh (xHMHqeckan peak- 


^-'^opocTb H ycxonquBocxb H T. A.) ocxaioxcH 3 a npeAe.aa- 
MII 3X0X0 Bbipa>KeHHH, xoxM 3X11 HB.ienHH Moxvx okaaaxb cviue- 
cxBeHHoe B.iHHHHe Ha npouecc. ‘ c>ine 

3Haqnxe.Tbiibin nnxepec npeAcxaB.THKDx no.ivqenHbie b pa6oxe 
ren ao peayAbxaxbi Hcc.xeAOBaHHH npSuecca 

V aoe nmq nab\ "" ropameM xyp6yneHXHOM norpannqHOM 



AaHHbie no sxomv Bonpocv. 
Ha pHc. 1 nokaaano pacnpeAe.xeHHe kOHueHxpauHn no Bbicoxe 
norpaHHqnoro con, xapakxepHsyKimee Be^H^qur MaccoTepe 

3 KcnepHMeHTaAbHbie AaHHbie no xiacco- h xen- 
rDaHHqH^ KO.,HqecTBa ABH>KeHnH B ropnmeM no- 

npeAcxaBJieHbi na pHc. 2 b bhao saBHCHMocxii 
TPeH^^a C St I. KOB<{,$„™eSa 

cxBve^aSq^HM:^ aakOH oSoSmeHHH cooxBex- 

TByexsHaqeHHio K 034 )(|)HnneHTa nepenoca, paBHowy 0 038 Re-0-2 

B npeAeA^^^VaoT"™^ « Macconepenoca c ’xonnocTb^ 

SakOH OOOSlUeHHH A.'IH k03(|)^HAHeHTa TPeHHA COOTRexrTRVin 

mere Ma.nofi ckopocxH HH>kekAHH, MO)Ke/ 6 h?: noA^ 
(7 .vT^)o” 4" K034)4)HAHeHxa nepeHoca'na aach 

AaHHbie, npHBeAeHHwe Ha o6o6meHHOM 
paipHKe, He Aaiox bosmohchocth AocxaxoqHO xohho cvahtb o 
b.,hhhh„ ropeHH, Ha npoueccH nepenoca. Pa36poc\?cnepHMeH 
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Ta.ibHwx TO'ieK no iv' 03 t[ 3 c{ 3 Hn,jieHTy rpeHiifl (puc. 2 ) nacTOvibKo 
BCTinK, nTO He rio 3 BO.iHeT i^arb yTBep;i,{iTe.ibHbrn OTBex o u;e.Te- 
cooopasHOCTii licnoTibsoBaHiiH ^lop.My.ibi 

( 10 ) 


-G 



Pile. 2. Be3pa3.MepHhic Ko3cj3(|)niuieHTb! nepeHOca Ten.na , Mac- 
cbi n KoniniecTiia amiiKeHiisi (.4 — — Q, St, jp) b aaBiicii- 

MOCTH OT aiicna Re^-; 

I~l/2Cf =0.03S : Ji-Si=ip = ,).03S Ro^- (/— 

—l/‘2C^ : Si; S—fp) 

HOCTH onbira ±30% /Iobo^ibho npn6.Tii7KeHHO xapaKTepnsyiox 
BviHHHHe ropeniiH na 3xii npoueccbi. 

KaK yKasbiBaex aBxop, SKcnepnMeHxa.nbHbie pesxxibxaxbi ne- 
pettoca KO.THHecxBa a.BHn\eHHH c.xeTtyex pacc.MaxpHBaxb xo.nbKo 
KaK npeaBapnxeobHbie, noxoMy mto b pa6oxe [7] npnnHx Jiiinen- 
Hbiii aaKOH HSMeHenHH CKopocxn no Bbicoxe norpaHHMHoro c.toh 
npn HHa<eKpHii xiaccbi. Tanoe .xonymeiiHe b KaKon-xo xiepe moh'- 
HO HCnO.XbSOBaXb XO.lbKO JX.XH HeSo.lbLUHX CKOpOCXeil HH>KeKlI,Hn. 

AHajins paoox [6, /, 9] noKasbiBaex. mto /laJKe, Hec.Moxpn Ha 
orpaHHHeHHoe KOJinnecxBo iiMeiomiixcH xeopexHnecKnx iicc.xerto- 
BaHHH npouecca xen.io- ii MaccooSMeHa b xvp6yj]eHXHOM norpa- 
HIHIHOM c.xoe npn Hajiimnii XHMnnecKHx peaKUHH, noJiyneHHbie 
paSJIHHHblMH aBXOpaMH BblBO^bl ^tOCTaxOHHO npOXHBOpeHHBbl. 
Bo3iMO>KHO, 3X0 CBHSaHO C paB.lHHHblM ^07^XO;^OM HCCJieAOBaxe- 
Jieft K peuieHHio saitann. Mxo Kacaexen SKcneptiMeHxajibHbix noA- 
xBepTKjieHHH npeiinonaraeMbix xeopexnnecKHx saBHCHMOcxeii, xo, 
KpoMe ;t;aHHbix, ony6jinKOBaHHbix KvjibraftHOM, ohh BooOme ox- 
cyxcTByiox. 

B paOoxe [7] nacxb pesy.xbxaxoB cne3;yex paccMaxpHBaxb KaK 
npe.HBapHxe.xbHb]e. K xoMy >Ke Ky^ibraimoxi obuia anpoSnpoBaHa 
xo.TbKo o.nHa peariipvioinaH cHcxeMa; xiexan — bos^vx 
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HerpyaHo c;ie.iaTb bbiboji o xom, nro HeooxojHiMa nociaHOB- 
Ka cncxe.MaxnqecKHx SKcnepn.MeHxa.abKbix ncc.ieAOBaHnii no 3 xo- 
-ny Bonpocy c paannHHbiMn no CBoefi npnpoAe XHMunecKn peani- 
pyioiHK.MH cHcreMa.MH ii npii otom c.xeAvex nenoobBOBaxb b kb- 
aeexse pearenxa ne xo.nbKo ras, ho h hchakocxh. 

06o3HaMeHHsi 

— cKopocTb xiiMiiMecKOH peaKuiui. c-^ — cKopoerb aiici^cjivuiin , AV— ko«- 
CTanTa CKopocTii XHMijnecKoii peaKUim. Pr— KpiiTepiiii npaH^Taa . Le— KpiiTeniiii 
.IblOHCa, p.— K03$(J)imHeHT JllHa.MMBeCKOii BaSKOCTH, e— K034)(blimieHT TvpSv.ieHT- 

lioil BflSKOCTI!, L-,, Eq J,E; K03(J)43HUHeHTbl npOBOAHMOCTH aBH>KeHriH 'MaCCbi 

1 ! SHepniH coorBeTCTBeuHO, ?-njioTHOCTb. o-cocTaB.iHiomne cKopocrii b 

HdnpaB.iieHHii oceii .r u ry cooTBeTCTBCHHo, p— AaBaeniie, C,— Beconaa ao.ih /-ro 
KOMiioHenTa. :cv— oobe.MHaa BecoBaa CKopocTb oopasoBamia /-ro KOMnoHeHTa 
-D— K 03 (Jic})]mHeHT AncJicjiyaiiH, /— K 03 cl)cj)imHeHT Ten.nonpo- 
HoyiHocTH, Q — BecoBaa ao.ih aroMapHoro BemecTsa. St— KpHTepiiii CraHTOHa 
— Tenjrora peaKumi. OTHecenHan k 1 Ke Knc.nopoAa, TennoBoii hotok. 
a/waoaTHtiecKaH TeMneparypa n.naMeHii, T— Te.Mneparvpa , c^— y^eabHaH 
Tenjioe-MKocTb npii hoctohhhom aaBJieHini, T— nanpaiKeHHe TpenuH, A/b..— Ten- 
noBOH nepena.H Ha cxeHKe, /i^hm xnMiiHecKaH sHTajibnifH, — K 034 )cj 3 nu.neHT Mac- 
conepenoca C; — Koa^KjHtuneHT TpeHHH, Re— KpiiTepiiii Peimo-ibaca , 6 — aoasi 

yrjiepoAa b 1 Ka TonjiiiBa; HHAeKCbi: w — Ha crenKe, a— b aape noroKa KtepTa — 
cpeAHioK) Be.?iiiMiiHy, uiTpit.x— cjjAyKTy.ipyiomne Be- 
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B. n. nonoB 

H3MEPEHHE CKOPOCTH H BHSyAJl H3AUM5I 
MEaJIEHHbIX nOTOKOB )KHaKOCTH 

=ril 

cvSrH'Lvrnn'’"'’- 

npESSEr— 

MOCTb AHJhOCTH II jp. 3tii B.lIiaHlIII XOTB II npeoHOlH^Mbl HO 

iMbHo ocioMfliOT II yjopoKaiOT npoBeaeHiie aKcnepii.MeHTOB. 
J,.ia I13MepeHHH .Ma*lbIX CKOpoCTefi B /KimKOCTHX Oa^nainriTiiH 
ue.nbiii PHA MexoilHK, ocHOBaHHbix na Bnava.iHsamiii TeqeHUH nv 
rexi BHeceHJiH b dotok Aie.iKiix TBep^xbix h.ih tkhxkhx JacTHrro^ 
reT^Ka/nn''^^'' npoaie.KUBaiOTCH KHHeMarorpacjDnqecKHM nv- 

nP'iMeHBTbcH iiHTepecHan ii cpaBHii- 
LnlbT Biiaya.aiiaamii, hotokob Bo.tbi, KOTopaH 

er obiTb iicno.Tb3oBaHa ii xth iiaMepeHHn cKopocrii Ona co 
iB^Hof ® "°™“ nepneH.?iiKv.iBp„o'^Ha™pa;"eHrK; 

Bojbi pacnoiiaraeica roHKafi Mexa.i.iHMecKaH nnoBO 
.loqKa, coejiHHeHHaH c oxpuuaxe/ibHbiM no.xiocoM ifcxoqHHKa no 
cxonHHoro HanpH>KeHiiH. no.rio/KHxe.ibHbifi nonioc ncxonHHKa na- 
TOK ^ coejiHHnexcH c s.ienxpoAOM. noMemenHbiM b xox >Ke no- 
XOK. npii noaaqe na sneKxpoabi HanpnjKeHiiH b necKoxbKo Boxhx 
maiiHaercii 3aeKTpo.„i3 Boubi. Ha npoBoaoHKe Karoi Bbuea" 
loxcn nysbipbKH Bo;iopojia. Koxopwe CMbiBaioxcn n vHocnxcn no- 
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TOKOM. Hpil COOTBeTCTByiOIUejI OCBemeHlIll ,111 nVSbipbKII MOH<HO 
(|)0T0rpait)iip0BaTb. Ec.iii no.baBarb Ha aieiixpoibi HanpaiKeHiie 
c perynnpHfaiMii nepepbiBaMn, xo na cnn.MKe nonyqnxcn qepejoBa- 
Hiie oe.ibix n qepnbix no.ioc. lUiipiina nx aaBiiciix ox qacxoxbi ripe- 
pbiBaxe.in n CKopocxn noxona. Snan qacxoxy npepbiBaxe.in n 113 - 
MepiiB Ha (J)oxorpa4)H!i uinpimy coce^xHiix qepHofi n oe.ioii rio.ioc. 
MO/KHO onpeaennxb sHaqeHiie oceson cocxaB.inromen CKopocxii 
noxoKa. ^ 

Bo.ibmnM ;iocxonHcxBOM axoro Mexo.xa HBanexcn B03MOH<Hocrb 
CHHXb npaKxnqecKH MXHOBeHHoe none CKopocxeft Ha oonbiuon nno- 
mann. c)xo iipencxaB.xnex iiHxepec bo MHornx c.xyqaflx n ocoochho 
Ba>KHo npn iiccnenoBaHnn HecxannoHapHbix xeqeHiin. Hcnonbavn 
cKopocxHyio KiiHOKaMepy, motkho nonyqnxb KapxiiHV ii3\ieHeH!ia 
nona cKopocxen HecxamtonapHoro xeneunn bo BpeMenn. 

tcnn Ha npoBonoqKv-Kaxon, Hanecxii c onpeneneHHbnin nnxep- 
Bana.MH Konbua na naonnmiOHHoro nana iinn KpacKii, xo mh no- 
nyqiiM nsyMepHyio Kapxnay xeqeHiiH. 

npH.MeHHB cHcxe.Mv septon, MOTKe.M nonyqjixb xpexMepHvto 
Kapxnny xBHTKeHMH, qxo b oripeAeneHHWx cnvqanx iipexcxaBnnex 
oonbiHOH iiHxepec. ' 

jinn BHsyanijsamiH noxoKa sneKxponns Bon,bi obin npuMeHen 
npn HccnenoBaHHn crpvKxypbi xypSyneHXHoro norpaHHqnoro 
cnon jij. AHann3 norpeiHHOcxen iisMepeHiin CKopocxii 3xhm moxo- 
no.M obin cnenaH b paooxe [2], ho naxi HeuBBecxHbi nanHwe o ero 
npaKXiiqecKOM npiiMeHeHini. noaxo.Mv Mbi aKcnepn.MenxanbHo npo- 
Bepiinn npu.MeHiiMocxb naHHoro xiexona nnn KoniiqecxBeHHoro hc- 
cnenoBaHHJi nonn CKopocxii npir ooxeKaHnu pasnnqHbix xen. Flpo- 
Bepna npoiiaBonunacb b riinpaBniiqecKOM noxKe co cxenwaMn h 3 
opraHiiqecKoro cxenna. HonepeqHoe ceqeHiie noxwa 30x30 mm . 
nnnHa oKono Mexpa. Oh 6bin npenHasHaqen ne nnn iipoBeieHiin 
xoHHfaix KoniiqecxBeHHbix H3.MepeHnH, a xonbKo nnn ripoBepKii iix 
npnHu,nniianbHOH bo3.moh<hocxh. 

Peaynbxaxbi oopaooxKii cjjoxorpafjjiiH o6xeKaHiiH naMHHapnbiM 
noxoKOM Bonbi nnacxHHbt c ocxpoH nepeitHefi KpoMKon npencxas- 
ncHbi Ha piic. 1. Ann cpaBHeHHH na axoM nee pucyHKe npiiBencHbi 
3KcnepHMeHxanbHbie naHHbie XaHcena [3] n xeopexiiqecKan npii- 
Ban bnasnyca. UonyHeHHbie Ha.MH aKcnepuMenxanbHbie xonnn no- 
BonbHO xopoijjo vKnanbiBaroxcH Ha onnv KpiiBVK). Henoxopoe ox- 
KnoiieuHe iiamiix sKcnepuMeHxanbHbix nanubix. ksk n ;iaHHbix 
AaHceHa, ox xeopexuqecKOH KpiiBOH Bnaaiiyca, no-BnnuMOMv. 
ooBHCHnexcH xe.M, qxo b o6ohx cnyqaax iiSMepeHHn npoBonnnncb 
BOniran nepe.iHeii KpoMKit nnacxiiHbi, x. e. b xoh oSnacxii. me pe- 
ujemie Bnaaiiyca ne nBnaexcn n,ocxaxoqHo xoqnbiM. 

CbieMKa npoii3Bon.Hnacb ^^oxonaxiepoH «3eHnx» a nna ocbc- 
meHiin nccnenye.Moro npocxpancxBa noxna HcnonbsoBanacb na.M- 
na HaKaniiBaHiin MomHocxbfo 0,75 kbt c pe(|)neKxopoM. Bo 3 MOH\- 
vAOBnexBopiixenbHbix pesynbxaxoB npn no.Momn 
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TaKoro npocToro o6opy;iOBaHiin roBopuT o nepcneKTiiBHocTu xan- 
iioro Merojin. MovKho noaaraTb, qro na ^CTaHOBKe oo.ibiuero Mac- 
mTa6a npn ncnonbaoBaHim 6o.^ee coBepmennbix itCToqunKOB CBexa 
n cbe.MOHHoii annaparyphi mokho Ha JiocTaxoHHo bbicokom ypoBHe 
npoii3BOj.iixb iicc.x6j.oBaHH5i HOTieii CKopocx€}i B nopp aHimHOM 
c.ioe. B oxpbiBHOM 30He, npn pemeHim pasaimHbix cxpvHHbix aa- 

aaq II X. ,1. 

Hcno.xb3yH ny3bipbK]i rasa zt.iH Biisya.Tiisamiif noxoKa Kane.ib- 

HOH IHHJIKOCTII, He.lbSH OCXaBHXb 
663 BHiiMaHHH Bonpoc O ;iBH>Ive- 
HHH 3 XIIX nysfaipbKOB noj, Tteiicr- 
BiieM rpaBiixauHOHHbix ch.x. ripu 
6 o.xbiUHx nonepemibix rpa;ineii- 
xax CKopocxii, xapaKxepHbix, na- 
npiiMep, ji.iH norpaHHMHoro c.noa 
XBepTioro xe.xa ii.xh cxpyii, zta>Ke 
He 6 o. 3 biiioe c.Memeniie nysbipb- 
KOB H3 Mcc.xeiiyeMoro ceqeiinH 
MOHiex BbisBaxb cymecxHeiinbie 
norpeuiHocxii iisMepeHUH. 

HMeexcH ue^biii paa pa6ox, 
nOCBHILteHHblX HCC.,iejlOBaHIIIO 
ABHyKeHHfl raSOBblX nySbipbKOB B 
tkhakocth npHMeiiiixe.xbHO k 
yejioBHHM pa6oTbi pas.ximnoro 
po;i;a 6ap6axepoB, ycxpoiicxB 
npoMbimnenHoro sjieKxpo.iHaa m 
npynix annapaxoB xiiMUHecKoii 
npoMbim.neHHOCTH. 

TeopeximecKiie cooSpaiKeHiiH 
no BTOMy Bonpocy h o 6 o 6 in,e- 
Hne BKcnepHMeHxaTibHbix Aannux 
npHBOASTCH B KHHre B. r. Jle- 
BiHia [4]. B Heft aBTOp bbiboaht TeopeximecKHe tijih 

pacnexa CKOpocTii noj'be.Ma nysbipbKOB rasa b boac b saBHCiiMOc- 
Tii ox Hx j^naAiexpa, bhskocxh BO^tbi h mioxa Re = vd/-^: 

1 s'd- 

V = — npn Re R (1) 

1 ffd- 

— npH Re = 100— 1600. (2) 

36 V 

0;i,HaKo 3XII ^^opMv.Tbi cnpaBeAPiiiBbi xo.ibKo npn ;iBn>KeHHn 
nysbipbKOB B BOjie, npomeAUieft cnemia.xbHyio oqncxKy ox noBepx- 
HocxHO-aKriiBHbix BemecxB (nanpiiMep, MHoroKpaxHyio ancxn.x.nji- 
miio) . 3KcnepHMeHxa*ibHo ycxaHOB.ieno, qxo b odbiqHoft cexeBoft 
Bojie, He no.xBeprineftcH no.xo6Hoft oqncxKe. a,Bn>KeHne MeaKiix 
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Pnc. I. npo4)nafa cKopocxii b no- 
rpaHiriHOM cnoe njiocKoii naa- 
CTiiHfai B B.ia3nycoBbi.\ Koop.a.H- 
narax u/U=f{\]): 

J — aiaiHi.io HauiHX onbiTOB npii .v = 
= 0,0071 2 — VKcnepiiMeHTa.ibHbR' 

aaHHbie Xanccua npn .v = 0,03 3 — 

aaHKhn- XiiHcCHa npn .v = 0.I5 — 

TOOpirinu-CKaa KpnBan CaaaHvca 


nysbipbKOB nponcxorinr no aaKOHaM .XBn>KeHHH xBep.ibix uiapuKOB. 
.i.XH Koxopbix B oo.iacxii .xencxBHH saKOHa CxoKca cnpaBexniiBa 
(|)opxiy.xa 



IxaK BiuHo 113 (I) — (3.) cKopocxb nojx>e.Ma nysbipbKOB npn 
nocxoHHHoii xeMiiepaxype tkii.xkocxii nponopnnoHa.sbHa KBa;ipax\ 
HX ;inaiMexpa. ■ 

BbipaHxeHiie s.th sLiia.Mexpa nysbipbKa. oxpbiBaiomerocfl ox 
XBepTtOH noBepxHocxH no.x jeftcxBHeM rpaBiixamioHHbi.x cirx, mo>k- 
Ho HanxH i!3 paBencxBa 

C' ^ n dl (y.^ — Yr) ~ - c?o Y jk- (4) 

6 6 

.leBaa nacxb ypaBneniiH (4) npen,cxaB.iHex co6ofl pasnoiieflcxBy- 
KDinyio ciKX noBepxHocxHoro HaxH>KeHiiH, npiiTKiiMaiomyK) nvsbipeK 
rasa k noBepxHOCXii, a npaeaH — noiix>e.MHyio ciuxy. BeniinnHa C 
B a:aHHOM ypaBHeHim onpeaennercH BbipaHveHiiexi 

C-= (\smrjdLdQ. 

rl 

Ec*th n\3bipeK iiMeer c^iepnqecKyK) ^^opiviy, to mojkho npea.no.’io- 
Hviixb, qxo rpaHima >Kii7iKoft ii ra30o6pa3Hoft (fiasbi na xBepa.ofi 
n,iocKoft noBep.xHocTii HBnHexcH OKpvHxHocxbio c j,naMeTpoM, npo- 
nopmioHa.xbHbiM juiaMexpy nysbipbKa. B stom cnyqae 

C = Cl IT do sin 6. (6) 

Gqiixan, qxo nepeii. oxpbiBOM nysbipbKa sin6;:i;6, h peuian 
coBMecxHO ypaBHeHHH (4) ii (6) oxHOCHxenbuo do, nojivqu.M bw- 
paMceHHe 

aHajiornqHoe npiiBeacHHOiMy b KHiire IxyraxesaTise {5] n iionyqen- 
Hoe nyxeM annpoKciiMamin qiicneHHbix'pemeHiift cjivqan kii- 
neHHH BO,nbi. 

nocKOfTbKy nxieioinnecf! b niixepaxype SKcnepiiMeHxanbHbie 
.xaHHbie oxHocnxcfl k nysbipbKa m rasa SHaqnxenbno 6ojiee Kpvn- 
HbiM, qeM npiiMeHHioijuiiecH .iijih BiisyanHsamiii >KH3,KocxHbix xeqe- 
Hiift, HaMH 6brTo BbinonneHo sKcnepnMeHxajibHoe onpenejicHiie 
cKopocxn noAteMa nysbipbKOB Bo,n;opo 3 ,a, oCpaavioimixcn npn 
3.ieKxponii3e na nnaxiiHOBoft npoBojioqKe ;iiiaMexpoM 40 mk b He- 
nojtBiiHtHoft BOiie npn KOMHaxHofl xeMnepaxype. OKasanocb, qxo 
npn a.xeKxpoTinse K03(|)(|)nu.iieHx Cs b cjiopxiv.xe (7 1 He HB.xHexcH 
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TOK™np“ Ma!TOfl ‘n'!ioTH™n''"ToKa“op«ra''‘^'l ‘o2'’'T“""" 

TOKa yBe.iii.inBaeTC>i uiaMeTp m abiDw ,ir ? "’'"thoctii 

CKopocTb HX noii-beMa Oth-.P,. -^^bipbKOB, a c.ie.aoBaTe.ibHo, ii 

B HCKOTopbix npe:ieia\ ^maMeipa nyaupbKoB 

B paeceHHHo^, ?Be?e a™ 06 e aaef 

TpacTHoro .i3o6paa<eHna noaro ox a koh- 
Ma.ibHoe SHa'ieHiie moTHocrii rni'a -'““-'■’'By®’' HenoTopoe onrii- 
6o.aee cOBepu.e„„o ocaeT^Te^ 

umi nysbipeA^o^jilmoroTia^ renepa- 

Peav TKTaT,.r .. J, ^ ^ " -’^la-^OKOHTpaCTHblM 

po^a KZpb.e'„r;::r"=‘ 

n oniicaHHbie Bbime iiSMepeHHH ckoLpE. 

POUJO annpOF<CtiMIipyfOTCH (|)OpMy.riJfi .lOBO.TbHO xo- 

t-’ - ' 0,09/ 0,9 CM ccK . g-. 

= 1,06—0,0215. ■ ^ »3MeH5i.Tjitb npit stom b npe.ie.iax c- = 

npe\ia'Hamtli''oiit[TOB"B'''Ifen'oiBn5Ho‘^ ‘'to '“> 

hoB, OTpbiBaiomii\cn or noRonvuno,, ' -Tii'iTreTpa nysbipb- 

rc' o)’ _ ( rf,;’ j-’ ^ 

,ao 3.,,, • (10, 


Be.iHHiiHa C BospacTiit-T 
nysbipeft. nosTo.Mv .mo>kh( 
H, c.Te.tORaTe.ibHo, 


pocTO.M jnaAiexpa oTpbiBaiomiixci! 
yBepeHiiOCTbli) CKTiBaTb, IJTO C <r C 


® neno.iBnjKHofi Bo/fc' ^/„-- 0 0 ]r,/ 
p tTM Teqeimst o cM/ceK ii xeivinepaType Bo/tw 20 C ' ’ ' 

< 981 .(),0P,18- J . 10-^. 5 - 0,001 or. 

60 ee e,f B ioo pa3°"re ’„"e 

cKasaHHoe BoBce „e o3„a- 

iHSEHH=:S?2S 

06o3HaHeHHn 

rpaBHTamioHHH.x ciL; ^ - jaLierp ^vS^kob AeiiciBireM 

V - K 034 «J,HUHeHT K-HHeMaxH^ecL^r ' 7 HaxBiKeHiie; 

BH3KOCTH; i — miOTHOCTb TOKa; .§••— VCKOneHH- JliHa.MimeCKOi, 

-c Bo.«: Bee’ 
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Kpiinoii. oopasoBaHHoii na iioBepxnoCTU ar'.i 

({)a 3 ; o r-. 4,64 — 7 -:^ — ' — Tonm,HHa norpaii 
V L/.v/v 

Te'iemifl aa npeje-iaMU iiorpaniMHoro c.io« 
AO TeKvmei! tomkii n,iacTiiHbi; // — Koopj 
CKOCTH n.iacTiiiib!; yy^ U j\ .x — ueapa: 


OKTpoAa rpaiiiiuei! H<iiAKoi! n TnepAoii 
iiinnuru c.ioh n.aacTJinbi: U — CKopocTb 

; .V — jiaccToaiHie ot nepeAHeii xpoMKii 
inHaT’ian ncb, nepnciaHKv.iapnaH n.-io- 
sMepnan KoopAHHara B.naanyca. 
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C O H E p ,X H M E 

AH.AJIHTHHECKHE HCCJlEflOBAHH^ HPOUECCOB 
KOHBEKTHBHOrO TEHJIO- H M.ACCOOB.MEH.A 

„ T. JI. nepe.nbMaH. O iiecTaiuiojiapuoM tch .... 

c' " ooTeKaiomii.M ero hotoko.m KiiAKocrn 

^ b. M. BepKOBCKHfi. Knacc aBxoMOAeobHbi.x aa ran iiornaumiHo- i 
L.ioa AiiAKocTeii CO creiieiiHbiM peo.ionmecKM.M sukoho.m 
»» rx BepesoBCKHii, H. F. KonapaujOB, B B Pwb- 

■vHH. O peuieimii mmeimbi.x .^aAan Tennooo.Mena c nepcMeinmiMii'Ko (h 

3 . n. lUyjibMaa. T. <t>. BeKMyparoB. npiiomiavemioe peuieuue vpau- 
lu, .m .la-Munapiioro iiorpanmmoro c.ioa VAomienHoro rena npaiiiemiH 
C nponmiaeMOH nonepxnocrbio .... 

SKCHEPHMEHTAjlbHOE HCCJIEAOBAHHE nPOUECCOB 
KOHBEKTHBHOrO TEHJIO- H AIACCOObMEHA 

3. n. lUyjibMaH, B. M. «l>eflopoB. Termo- 11 vac. , - 

to.ieu B iiorpaiiiiMuoM cnoe na nopitcToii ctchkc 

H.,,., c',,vp 6 y.,e„T: 

„eo 6 orpPBac-' 

HiirepihepeHmioHHbie iia.^epeHiiH MacconeneHoe-. ^ 
■ norpaHimuoM c.noe npoHimae.Moa noBep.xHocrn ‘ 1 

BepxL?^,- B-iiinHiie CMamiBaevocx,! ' no-' 

^le^A^e xexo Kaneobiiaa a<nAKocxb- 

humchhoa’ c"pyr* -^‘>PaKxepiicriiK xypoy.icHXHocxn orpa- 

B. II. rionOB. ITsMcneUn,. .'u-.'.n.yr'T.. 

noxoKon >khakocxu ^-'Pocxu u bu,.> annaaium .ue.x.ie.mb.x 
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<a 11 TC.\HHKa» AH ECCP 
.'Ihhiictpob F 5 CCP no iicii;i 
.'(■Knii npocncKT, 6.S 
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AKAZLEMHH HAVK BEJlOPyCCKOfl CCP 

HHCTHTYT TEnJlO- H AVACCOOBMEHA 


TEHJIO- H MACCOOBMEH 
B KAnMJlJBIPHOnOPMCTbIX 
TEJIAX 




no,a pe^aKuiieit aKaACMUKa AH BCCPA. B. JlblKOBA 
H npo^eccopa B. M. CMOJIbCKOFO . 


I 




MHHCK 1965 
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B KHuee uj.iOMeHbi pesyAbraTtu reoperuHecKOdo u 9 Kc- 
nepuMeHTaAbHoeo uccAedoeauua reriAo- u Macconepenoca 
e nodpaHUHHOM cAoe npu esauModeucTeuu KanuAAfipHono- 
pucTbix TeA c noTOKOM HecjiCUMueMoeo easa. Oco6oe enu- 
MQHue oSpatueHO na BbixsAenue MexanusMa npoiieccoa 
nepenoca. a TUKOice na onucanue cnenuaAbHux npu6opoe 
uA.uepuTeAbHbix cxeu u MBToduK 3KcnepuMemaAbHOZO 
uccAedoBOHUA. BHaHUTeAbHan nacTb khuzu noceauieHa rup- 
oijAeHTHOMy Ten AO- u Macconepenocy. 


A. B. JIbIKOB 

MACCOTEnJIOnEPEHOC 
B KAOHJIJI^IPHOnOPMCTblX CPE/lAX 

B noaieTiHee BpeMsi uonpocaM ren.io- ii .\iacconepeHOca b Ka- 
nH.^.iHpHonopHCTBix cpeiiax VTie.iHeTCH Bce 6o.nbuje BHHMaHHB b 
CBH3H c HsyiieHHeM npoueccoB ox.ria>K;ieHHH, (jjiKibTpaumt mhopo- 
KOMnoHeHTHbix TKHiiKocTeH B A.icnepcHbix cperiax npH Hai iMmi 
<l)a30Bb.x npeBpameHiif. n OTrauBaHiiH Mepaabix rpyH™ He 
3HaqeHHe HMeiOT HB,aeHHH nepenoca b KanH.nlrtHpHonopH- 
cTbix Te.Tiax paapaSoTKH nopncTbix s.neKTpojiOB b TonauBHbix 
ScieMeHxax h ;ipyrHx npeoepaaoBarejinx SHepmn c Hcno.ibsoBa- 
HneM iiHcnepcHbix cpe;i. w^nu.ibaoBa 

HcnojibsyroTca aHajiHTH^ecKHe 
AieTOflbi, pa3pa6oTaHHbie b reopHH (jiHJibTpauHH hjih b cviuH.ib- 
a Mero^lOB HMeer cbok) cneuH(i)HKy. 

a cHcTe.Mbi AH<J)(J)epeHpHa.TibHbix ypaBHeunfi Ten.TO- h Macconeoe- 
Hoca paajiHqHbi KpoMe roro, HMerorcH paooTbi, b Koropbix 6e3 
^ocTaroqHoro oSocHOBannH npuMenneTcn cHCTeitia vp^HennH 
I rT'r “ He npnro^HaH ^annoro c.-iynan 

ocoeeHHocTH H3yqaeMoro HB^aenna nepe- 
o6cTOHTejibCTBa BbisbiBaKDT Heo6xoflHMocTb 6o^ee 
^eTa.nbHo aHa.aH3HpoBaTb npopecc Ten.rio- h Macconepenoca b na- 
nibn.nHpHonopiicTbix cpejiax. ^ 

^HSHHecKasi xapaKTepHCTHKa cHCTeMw 

CTof cHcreMM eepexca KanHji.iapHonopH- 

JT JJlJi iSOToporo asaaeTcH aiio^iUbHbiM aemecTBOM 

T. e. cTeHKH KannjiJiapoB n nop copSiipvioT raabi, napbi ii acniiKo ' 
crn, npa aroM Mo»eT ..Meib MecTO aa^i^ysHO o^orate^ 
cBH 3 b copSiipyeMoro BemecxBa cKejiexoM xejia 

cHcxeMa cymecxBeHHo OTJiHnaexcH ox MojiejibHbix jinc- 
pXh PaccMaxpuBaeMbix b RjiaccnnecKOH xeopnii 4),wbx- 

RA ^®^^^HHeMoe CKe.iexoM KaniiTijinpHonopHcxoro xejia semec-- 

BO ^,o>Kex Obixb B Btue TKH^IKOCXH, napa, iS^RepxHoro rasa xBep- 
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;;oro BemecTBa, nepeox.iajKjieHHOH tkhakocth b aaBiicHMocTH ot 
ycjiOBHH Ten.7o- h Maccoo6MeHa. B saBHCHMocTH or bhab cbhbh 
B emecTBa c TejioM Te.Mnepaxypa saMepaaHHH tkhakocth hsmchh- 
excH B lUHpoKHx npeAC-iax. riosTOMy b KanH.7i.iHpHonopjicTbix re- 
•xax npH xeMneparype HHvKe 0° C BcexAa HMeexcn neKoxopoe ko- 
.XH^iecxBo nepeox.xa^AeHHOH tkhakocxh (boabi). 

Heo6xoAHMo xaKJKe oxMexHXb, qxo b 6o.XbmHHcxBe c.xvqaeB 
nopbi H KanH.q.Tiapbi xejia sanojiHeHbi avUAKocxbio hjih jibAo.M, 
a qacxHqHo h naporasoBofi CMecbro. aIjih ynpomcHHH aHacHHaa 
Hameii CHCxeMbi b Kaqecxse hchakocxh npuHHMaexca BOAa Sea 
KaKHx-.aHSo pacxBopHMbix BemecxB. Ha-xaqHe pacxBopuMbix ee- 
mecxB B >i<HAKocxH HSMeHHex npouecc Macconepeiioca h Bbisbi- 
Baex pHA Aono.iTHHxejibHbix 3(J)(|)eKxoB. 

ByAeM oxxieqaxb napooSpasHyio B.iarv HHAeKcoM 1 (nap) 
;«HAKOcxb — 2, B.Tiary b xBepAOM cocxohhhh' (neA)— 3. HHepTHbiii 
raa (cyxon bobavx) — 4 h CKe^xex — 0. 

OS-beMHaa KOHuenxpauHa cBasaHHoro Bemecxea w (cyxoft 
B03Ayx, nap, atHAKOcxb, .leA) pasna oxnouieHHio Maccbi CBHsan- 
Horo BemecxBa Af k o6-beMy xejia V: 

M 1 V’ 

= = = (1) 

TAe Al,. — Macca CBaaaHHoro BemecTsa b cocToaHnn i {i = 1, 2, 
3,4); — oS-beMHaa KOHueHxpanna i-ro CBasaHHoro BemecxBa’ 

paenaa 

M, 

= — • (2) 

Macca Bcero cBasannoro BemecxBa M paBua cvmmc mbcc cv- 
xoro B03Ayxa, napa, Hviiakocxh h AbAa, x. e. 

M 


OSbiqHo o6x>eM xeAa V HSMeHaexca b saBHCHMOcxH ox koh- 
ueHxpauHH u3 no AHHefinoMy saKOHy, FloBxoMy bmccxo oS-beMHOii 
KOHAeHxpauHH u) BBOAHxca oxHOCHxeAbHaa KOHueHxpanna hah 
BAarocoAepAcaHiie xeAa u: 

M VI o> 

FAe Y — oS-bCMHaa KOHuenxpauHH CKCAexa xeAa hah nAoxnocxb 


xeAa, oiipeAeAaeMaa cooxHomenHeM y = Mo/V; «■ — oxnocn- 
xcAfaHaa KOHnenxpanna i-ro cBasaHHoro Bemecxsa:* 


Ecah oS-bew xeAa mbao saBucnx ox BAarocoAepacaHna x e 
ecAii ycaAK-OH npeneSpenb (V = Vo = const), xo oS-beMnaa koh- 
cvcxor^xena-''^*'^''^ nAoxnocxn aScoAi^^Ho 

_ Mo __ Mo 

Y« - — - = const . (5) 

FAe Vo — o6T>eM xena b aocoaioxho eyxow cocxohhhii. 

CAeAOBaxeAbHo, MeavAy oxHOcnxeAbHon KOHueHxpamiefi u- n 
oo-beMHon KOHuenxpamiefi a>, SvAex npaMaa nponopunon^BHOck: 

^i= Yo, «) = w Yo. (6) 

n MaAOFHApo4>HAbHbI, a HSMeHeHHeM 

nnoxHocxH vkhakocxh MOHOMOAeKyAapnoFo aAcopSHpoBannoFo 
CAoa npeneSpeqb. xo KOAHaecxBo babfh (jJHSHKO-MexaHHnecKOH 

AHXb no COOXHOmeHHK) H 

Wt • = riv = YoW,' . (7) 

B CAyqae MOHOKaniiAAapHonopHCToro xena nopncrocxb Uv 
nponopuHOHa.ibHa r„j, aah noAHKanHAAapHonopHCxoro'== 

= ^fv{r)dr, (gj 

FAe — AH(})*epeHUHaAbHaa Kpanaa pacnpeAeAenna nop; Fo 
H '^max npeAeAbi H3MeHeHHH paAHycoB nop xeAa HAa Rejin- 
MHHbi HacbiuxeHHOcxH nop b, HMeex mccxo cSoxHomeHnr 


HeoSxoAHMo oxMexHXb, qxo cooxHomenne (7) ne Svacx cnpa- 
BeAAHBblM AAH ^H3HKO-XHMHqeCKH CBflSaHHOg BAaFH, x". 0. 

tJJopMaAbHO MOJKHO npHHHXb 3a ocHOBV pac- 
KOHue nxpauHH BAarn b AKiSofi 4)opMe cbhsh 4)opMyAy (7), 

* nOApoGHO CM. [ 1 ]. 
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HO TOFTia Be.iiimiHfi He Oy^er onpe^e.iHTb cxeneHJi HHcwmcH- 
HOCTII cBHsaHHbiM BeiuecTBOM (B.iarofl) nop Te-ia, n cooTHome- 
Hite ( 9 ) yxpaqHBaeT cbok) ciiay. Totibko THiiiiqHo Kanibi- 
.iHpHonopiiCTtix Te;i c Majiofi rHrpocKonHqecKoft B.ia>KHOCTbio 
MOHvHo npiiHHTb paBeHCTBO «>, = cto,'. //• - r// , coxpaHHB npH 3 TOM 
cooTHOlueHHe ( 9 ). t' v 

npH MO^npHOM (rH,-ipo;iHHaMHqecKOM) ^iBiiiKeHHH B^arn (yRuji- 
KOCTH, rasa, napa) no nopaw Te./ia b npoueccax (bHJibTpaiiHn 
n.TOTH0CTb noTOK-a i-ro semecTBa (Ke At--ceK) oyjieT paBHa: 

itmo! n^- r>,- bi Wj-, ( 1 0) 

cpe^iHHH .THHeiiHan CKopocTb .MOJinpuoro ((bHJibTpaiinoH- 
Horo) ;iBHiKeHHfl ^ro BemecTBa (M/ceK); Os — noBepxHOCTHan 
nopHCTOCTb rejia, paBHaa OTHomeHiiio n^oiuaji^ii Bcex nop ('ji.bi- 
poK) K nviomaiiH ceqeHHH Te.ia b HanpaB./ieHHH, nepneHaiiivViao- 
HOM K HanpaBTiennio seKTopa " 

3 t(i Be^xiiHiiHa ji.ih iio.’inKann.i.iHpHonopncToro xe.ia panna 

^max 

ns = J /s(/)<^r, ( 11 ) 

r<. 

r^e /s(/') — ;iiit|i(fjepeHiuiaJibHaH KpnBaa pacnpe;ie;ieHHH noBepx- 
HOCTHOH nopncTOCTH xe^a no pa^iiycv nop xejia. Hjia o^nopox- 
Hwx Te.x noBepxHocTHaa nopHcxocrb xe.ia Us npH6.xHH<eHHO pasHa 
ooieMHOH nopncxocTH xe.xa Hr . 

Cxporo roBopa, Be.XHHHHa b, b cooxHomeHUH (10) oxTiHHHa 
ox Be.xnqHHbi b^ b (|)opMy^e (7), o^HaKO npn ycvxoBHn FIv = FIs =n 
bi oy^iex xapaKxepiiaoBaxb cxeneHb sanoTiHeHiia nop /-m CBasan- 
HblM BemeCTBOM. 

C.ie;i;OBaxe7ibHO, MoacHO Hanncaxb 


CooxHouicHHeM (12) MoacHo Bocno.ib30BaTbca iivxa onpe^ejieHHa 
njiOTHOCTH noxoKa Kann.i.xapHoft Bjiarn b MOHOKann^jiapHonopn- 
CTOM xe;ie. B 3tom axynae w, = w., rjie — jiHHeftHaa 
CKopocTb ABHa<eHna acH 2 iKocxH B MOHOKann.iJiapHonopncxoM xexe 
no4 ^efiCTBHeM KannjiTiapHHx chti. 

KpoMe xoro, Ba>KHo oxMexnxb c.xeiiviomee o6cxoaxe.xbcxBo 
llpn oObiMHbix ycjiOBHax, KorAa ;iaB.xeHHe BjiajKHoro Boa^yxa 
B nopax xe.xa Majio OTjinqaexca ox SaporviexpHaecKoro, xiacca bo 3 - 
;iyxa h napa b nopax xejia hhmxo:^ho xia.ia no cpasHeuHro c Mac- 
con avH^tKocxH H.XH MaccoH .xbiia. Kohcmho, npn sxom npeAnojia- 
raexca, axo xejio naxoanxca b paBHOBecnn c OKpyavarouxHM BjiajK- 
HbiM B03iiyxoM. T. 6. 6X0 B.xaxocoiiepavaHHe ox.xhmho or Hv.xa. rio 


s=-3E:H===i 

«2 + «3 . (1 3) 

7(n^>4^epeHi^HajibHMe ypaBHeniia 
MaccoTenjionepeHoca 

iimoi) ~r , (14) 

MmecTBaT"'™™""'’ ^“WysKOHHOro noTOKa i-ro ceasaHHoro 
B cooTeeTCTBHH c cooTHOmeHHeM (12) (14) nepenHuieia raK: 

— ^ = - div 4 - n f,, b, w,) + /, . ( 15 J 

(16) 

HeHHe7.57np™^r«,r“''°** 'V = V. = const), xo ypaa- 

dUi 

~d^ " n Pi bi w.) 4- /. . (171 
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AH(|54>speHmiajifaHHe vpaBHeHHH nepenoca xen^ia iio;i\ ^acM h 3 
ypaBHeHHH nepenoca BHepran: ^lOKa.ibHan nponsBOiiHa'H o6T>eM- 
HOH KOHueHTpaiiHH 3Heprnn paBHa AiiBepreHumi or n.xoTHOCTH 
noTOKa BHcprHH. OdwHHO TBepjioro Te.’ia iisoxopHyio xen- 
vioeMKOCTb (c^) npHHHMaioT pasHOH H306apH0fi TenjioeMKOCTH 
(Cp), T. e. Cp = c„ = c. 

C/ie;iOBaTe.ibHO, ii.ia KanHJi.iapHonopucToro Te,xa jiOkajibHaji 
npOHSBOAHan ot o^-bewHOH KOHueHTpamin aHTa.ibiiiiH no Bpe- 
MCHH paBHa i»nBepreHUHH ot nnoTHOCTii noTOKa sHTajibiinii, 
BKTiioHafl nepenoc SHxaTibnHH sa cnex KOHBeKxnBHoro n ;tH4)4)y- 
SHOHHoro (MOJieKyjiHpHoro) 

^ (Ao Yo T- 2 : /f,- Yo«,) = — tliv -i- noA:Wi)j , (18) 

jg njioxHOCxb noxoKa xeiijia, nepe/iaBaeMoro nvxexi xenno- 
npoBo;iHOcxH, 

= — >' grad r, (19) 

— cvMMapHbifl KOscfxJjHiuieHx xen.ionpoBOiiHocxii. xapaKxepH- 
3yiomnft MOJieKyjiapHwfi nepenoc xenvia nepes CKe.iex nopiicxoro 
xevra n csasaHHoe c hum BcmecxBO. 

OdosHaHHM vACJibHyio xenjioeMKocxb nepes 

dh. 

-. = ^- <20) 

Tor^a 6yji,eM iiMexb 

/ . V \ dT , Vi 

^ Co Yo - 2^ Vo«,- 1 — Yn V ~ - V (/-v T) — 

— S n V 7’— S A- tiiv -i- noA w/). (21) 

Ec.in yMHOHvHXb Bce n^enbi ypaBHeHHH (15) na A, npocvMMH- 
poBaxb no BCCM i (/ = 0. 1, 2, 3, 4) n nonjt'qeHHwe cooxHOiueHiiH 


Vi du- 

Hcno.ibSOBaxb ;i..ih saMCHbi BennquHbi ^ A Yo — - 


COOXBexCXBVK)- 


mn-M Bbipa>KeHHeM, xo oyaeM HMexb 
c Yo = div (av r) -j- ^ A ^ 


L -T- n pA- Wj-) c,-vr, (22) 


-iipiiBe;ieHHaH yiie-ibnan xennoeMKocTb xe-na 




^paBHenne (22) cosMecxHo c (14) cocxaBnaex nanoojiee o6m.vK) 
cHcxeNiy 3,n4)(|)epeHu.na.ibHfaix ypaBHeHun Maccoxennonepenoca 
B KanikXcXHpHonopncxbix cpejiax. 

/lH^epeHi].HajibHbie ypaBHeHHH (fiHJibXpai^HH 

H3 ypaBHeHHH (14), khk qacxHbiH cjiyqafi, novxyqaHDXCH ypaB- 
HeHHH ;i,BH>KeHHH HvH^tKocxeii B nopHCXbix cpeaax. 

Ectih nojiojKHXfa yw, = FIAPi (oxcyxcxBHe ^HSHKO-xnMiiqeCKOfl 
CBH3H BemecxBa co cKCJiexoM nopHcxoro xejia), /,• = 0 (oxcyxcTBue 
HCTOqHHKOB BCmeCXEa) H liaii ~ ^ (oXCyXCXBUe AHCjj^ySHOHHOrO 
riepeHOca), xo h 3 (14) no-xyqnM ypaBHCHHe 4)H.TbTpauHH necMe- 
ujHBaroinHx TKH^iKocxefi (/ = 1,2,"^ 3, ...) b nopncxoft cpe^e 


- = — div 


(vP — gp)p,-j . (24) 


n.xoxHocxb 4)H3bTpannoHHoro noxoica onpejxe^iHjiacb h 3 
cooxHomeniiH 

jimoz n Oj A W; = Pi (v P— g p). (25) 

ripil (pH^lbXpaUHH CMeuiHBaiOmHXCH HvIWKOCXefi HeOSxOAHMO 
yqHXbiBaxb BsanMHyio ;iH4)4)y3HK) HciiAKOcxeH. Ecjih njioTHOcxb 
AH(})(J)y3HOHHoro noxoKa pacxBopHMbix HCHii,K'ocxefi onpejieTiHexcH 
cooxHomeHHeM 

j.di j = —D grad A , (26) 

TO 113 ypaBHeHHH (14) no.TY'qHM 


n _ di V (y p _ p g) j _ /:> y2 p. b. . (27) 

ypaBHCHHe (27) obi.xo ncnojibsoBano b paooxe [2] ^^.ih ana- 
3H3a ;i,BIliKeHHH ^BVX B3aHMHO pacxBopHMbix >KH;iKocxen (/ = 1, 2) 
B nopncxofl cpeiie. 

MaKpoKanHJiJiHpHonopHCToe xevio 

npeAno;iOHcnM, KanHJiJiHpHonopHcxoe xe^io HMeex B,iary, cbh- 
saHHyio (JjHBHKO-MexaHHqecKHM nj^xeM (BJiara MaKpOKanH,/iJiHpOB), 
B 3XOM CTiyqae mojkho cqHxaxb Wf = w/ = n A Yo (ocMOXHqecKH 
CBHsaHHoft n a;icop6H.HOHHofl BJiaroS npeHe6peraeM). Bnaqajie 
paccMoxpiiM nopiicxoe xejio MOHOKanibi.xapHofi cxpyKxypbi, x. e. 
MaKpoKann3.XHpHonopHcxoe xe^io, pa^Hycbi KanHJiJinpoB Koxoporo 

9 
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1. MoHOKaiiiia.iHpHasi c rp v k t v p a t e i a B MaKno 
KanH.2-^5ipHonopHCTOM Te..e c MOHOKanHaTiHpHofi CTpyKTyporneo?- 
HOC AlI^KOCTH npOHCXOAHT C HeKOTOpOH KOHeHHOfi CKOpOCTblO 
Wo^ap. o 6 yc.iOB.ieHHOH ^ericTBHeM KanuTiTiapHLix cim (w. =w^ ) 
B 6o.ibmHHCTBe c.iyxfaeB nepenoc napa h Bosiivxa b nSnax 

H BSvxaT Tot?Ko (BsaHMHaa napa 

m ^ naviiiqHH rpayiHeHTa oSipero'naBjieHL 

(j^radP) BHyxpn nopncroro xe.ia, Koropuft BOSHiiKaer non Tewnp 
paT>Te xe^a 6oabme 100° C, ey^ex ‘in^iBTpai^OHLift neoeHoc 
i-rvo-r BOSiiyxa . MsBecTHo, qro npn HaTiiiqiiH Hcnapenna >Knn- 
naoa^ n MenncKOB KanuTiJiapoB BsaiiMHaa 

napa n B03;iyxa BbiSMaaeT KOHBeKTiiBHbifl nepenoc BJiaiKHorn 
B03;iyxa (cxecjiaHOBCKtifi noTOK), o;tHaKO 3 tot BnrnepeHocrMoT 

BBe;ieHnn MHon.HTe.7M b WmvL 

pi-ont? ® napoB03;;yujHOH CMecn, thk khk inHefli an 

CKopocxb KOHBeKTHBHoro nepcHoca Cxe{|)aHa ws np^Mo noonon 
HHOHa.7bHa rpa;iHeHTy KOHneHTpamin nc?pa hjih rpa^neHT^ naS' 
luia.ibHoro AaB^remia napa pa^neHT} nap- 


^ ^ ^ (jiJif ~ n Oj Wj) — /, , 

du.. 


no cpaBHemno c B7iarocoAepjKaHneM mchakocxh lu (u == u-^ -f //., ~ 
-i-Ui=^Uo), TO HSMeHenneM KOHueHTpanun B.7a>KHoro Bosjiyxa 

B KanH./7aHpax xe.ia npeneOperaeM lyoduj/d- = 0. ~ ' 

C.ieAOBaxe.TbHO. OyjieM iiMerb: 

n Yopi — ^ = — div (n b.. - cli V ^ O p,6i Ws ), (31) 

I-i ^ - div -f- n Pi 6, Ws ), (32) 

d i \- ( km - n P4 k Ws ) - 0. (33) 

CxetJiaHOBCKHii noroK motkho BbipaatiTb nepea ;i,n4)4)y3HOHHbiH 
nOTOK B BH/te 

lidif - jidii n Pi Ws . / = 1 , 4 . (34) 

Tor;i,a yptiBHennM (31)- (33) MonvHO HanHcaxb raK: 

n .YoP -2 ( ^ V b. j = - n pA div w.-^p — div J \dif , (35) 

/2 — /i = - div/i'j,.^-, (36) 

div Udif = 0 . (37) 

CKopocxb Haiiiio. iapHoro ;i.BHH{eHiiH Wocap 3aBHCHT ox cpeji,Hero 
paaiiyca xanuTuiapa r, noBepXHOCTHoro HaxHJKeHUH a h iv03(J)(t)H- 
UHeHxa BH3K'OcxH Tjo. HanpuMep, a*xh OAHHonnoro uHJiHH;ipHqe- 
CKoro Kanii.7.iHpa CKopocxb jiBunveHim [I] 


r~ j 2a cos © 


-('X-.p — '^g), (38) 


V« ^ ^ — div _ n p, 6, wi) — , ( 30 ) 

KOHBeKXHBHoro jioTOKa Cxecbana- 
KaK B HHepxHOM rasc (cyxoM B03;iyxe) xnMitqecKiie nne- 
BpameHHH OTcyTCTBviOT, TO /.= 0; (paaoBHe npeepamenHa b o6aa- 
^nrTj™n"^„'’H-P COOTBeTCTBvt^„,T nepeXv “a- 

kocTb— nap. H3 axoro c^ie^yex, nxo —I[. nocKoiibKV cojieD- 
/KaHne nap a h B 03;iyxa («i -f Wo) b nopax xeTia HHqxoiKHo Ma.7o 

® M«KPOKaHH.i.iapHonopiiCTo.M Te.7e rpa;iHenT oomero iaB.ieHna MoaceT »mptk 


r^e © yro.7 CMaqiiBaHun; — yroji HannoHa KaniiJiJiapa k ropH- 
aoHxy; .v — HanpaB.neHHe jiBHiKeHna (nanpaBJieHHe och Kannnviq- 
P3); l^cflp — KanHJiTispHbiii noxenuHaji ('{j^ap = 2a cos ©/rpa); -bg — 
noTeHunaji nojia xancecxn ('}»g = gT-vsin &). 

CxopocTb Kannji.iapHoro ;iBii?KeHHH eTOiHuqHoro Kanii.xjiapa 

WocQp paBHa -^{w2can ^ dx/d-z), Tor;ia 113 4)opMy.7bi (38) c.7e;i.yex 


T. e. CKopocxb KanH.77iapHoro BnHXbiBaHna HB.xaeTca vinHeftHoft 
(|)yHKUHeft I/.v. ©ra aaBHCHMOcxb no^iTBepnv^aexcfl aKcnepuMen- 
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h MOHOKantui.tapHonopH. 

K-arrlnn”^ oSpasoM, ;^.^a MaKpok'anHvi.iapHonopHCToro reaa c moho 
kann^i^iapHOH CTpyKTypoft BeaaaHHa divw,,,. He paBHa hvTiC 
2. no^HKanHTiJiapHaa CTpvKxvpa xeTia no 

pHCToro Teaa c no^HKann.^aapHOft CTpvKTypofi vpaBHeHne nnrh 
pacnpeae^ieHna nop no pa^m cv Kam.t 

K-nnnL o MOJKex 6biTb Bbipa>KeH Hepes rpaaneHT 

kanir;i.’iapHoro noreHUHa.qa ^ P^jahcht 


/ca p 


-■ n p2 b.2 W.1 


•■^^^w^cap = ^igrad'i, 

grad,|:=?i£5iQ 
0.2 r- 


(40) 

(41) 


n!;™o«"'?p~^^^^^ WuHenT kb- 




(42) 


(n.aoTHOCTb no- 

noTemma^ nponopuHOHa.ibHa rpa^neHxv xp). 

"t?mTp\Vp- “ --roco^ep>KaH'^H „<« = ?„!) 

■■gradncnpa- 

2a cos © 

V i| r— — Yo V u . 


Cvie;ioBaxejibHo, 


'-p-fs{r) 
i'^cap ~ Qcap Yo V It, 

r^ie a^ap K03dj(|)HUHeHx KanibiaapHofi An4)(|)y3iiH 


geos 0 
4^1 ''-/s(/) 


/■-/;s'(/ ) dr . 


(43) 

(44) 

(45) 


?flDHOi?TxnvK-Tvnw nopHcxoro xejia rioaiiKanna- 

aapHOH cxpyKxypbi. H.ia MOHOKanuTi.xapHoro xeaa /s(/)->oo 

= o!^Ta“Kk V^r 6 .“ k-annaaapHoro noTeHUHaaa 

pae^H ” ycnoBHfl noTOK Kanna-iapnofl Baara 

VI- = —a„„Yi. (VH -r^ropVT'), (46) 


rj>e o^ap “ Tep.Morpa/iHeHXHbiH KOBtjKjDitiuieHx: 

N _ 9-2^fsir) da 

^^ap err • 

Yo<^ dT 


(47) 


TaKHM oOpasoM, nopHCxoro xe.ia c noaiiKannajiapHofi 

cxpyKxypoH ;iH4)4)epeHiuia;ibHbie ypasHeHHH Macconepenoca hmc- 

K)X BHjI. 

d«2 , ... . . 

Vo ^ ^'2 di\ Jeap div.jitfjY j (48) 

^2 = — 7i = — div jidif . (49) 

Zl.H4)(|)epeHunajibHoe ypaBHCHHe nepenoca xen^a 6y;i,ex HMexb bhji 

Yo = div (Xv T) -f- ri2fv2 —c. leap V T— ji,,,-; v T, (50) 


File Xi2 = /ij — /i.2 — y/teTibHaa xenjioxa HcnapeHHa (KOHa,eHcauHii) 
npn nepexoae jkhakocxh b nap. 


KanHJiasipHonopHCToe KOJiJioHAuoe rejio 

KanHJi.eapHonopncxoe xejio c MHKpoKann.iaapHOH cxpynxypoH 
COACpTKHX BJiary <|)H 3 HKO-MexaHHneCKOH H 4 )H 3 HKO-XHMHqeCKOH 
CBH 3 H. rioaxoMy nepeHoc B.narH b xaKOM xejie anajicruMeH nepe- 
Hocy BjiaxH B KOJiJiOHanoM KanH.TijiapHonopHcxoM xe.xe. 

nepenoc n<HiiKOCXH npoHcxo.aHx nyxeM MO.JieKyjiapHoii ii na- 
nn.iJiapHOH napa — nyxeM MOJieKy.iapnoH n koheck- 

thbhoh nH(|)4)y3HH (b noc.xejiHioK) Mbp BK.iioMaeM nepenoc npn no- 
Momn cxei^^anoBCKoro noxoKa). 

npn BbiBon.e cooxHomennH nepenoca napa npeano.iara- 
excH, qxo nap b nopax n Kannr.iapax re.na naxoiinrcH b xepMonn- 
naMHnecKOM paBHOBeenn co CBnaannoft >KH;iKocxbK5. nosxoMy 
B PHrpocKonHnecKOH oGjiacxn napuna.’ibnoe ;iaBJieHHe napa pi 
HB.inexcH (jiynKuneft B.iaroco.aep7Kanna u n xe.Mnepaxypbi xe.ia T*-. 

Pi = / («, T) npn ii < (51) 

r;;e u„^g — MaKcnwa^/ibHoe rnrpocKonHnecK'oe BJiarocoAepyKanne 
xejia. B o6.«acxH BJiaacnoro cocxohhhh xeaa napunajibnoe .aan- 
-lenne napa paBHO aaBJicnnio nacbimennoro napa p^, Koxopoe 
ne saBHCHX ox BJiaroco.aepacaHHH xe.;ia, a saBHcnx xojibKo ox 
xeMnepaxypbi 

Pi = Ph = f (T') npn u > (52) 


* B ofijiacrn re.Mneparyp Te.ia 6o.ibiue 0° C BJiaroco;iepjKaHiie Te.ia u paBHo 
xMe.ifaHOMv coAepiKaHUK) jkhakocth lu. 

13 
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Maccoxen^onepeHoc b oS.iacra xeMnepaxyp 

1. CBHsaHHoe BemecTBO n a p — jk ii ;; k oct b (/= 1 9) 
TepMo;iii4)4)y3iiii napa b naporaso- 
BOH CAiecH, TO BTioTHocTb ;iH({D(j3y3HOHHoro BOTOKa iiapa 

u,, 

hdif-= — Kz-^SJPi, (53) 

r;;e KostJitjjHUHeHT 4ii4)(J)y3iiH napa b B03;ivxe; a, — Mo.’ie- 

Ky^HpHan Macca napa; R - ynHsepca^iLHaH rasoBaa n'ocToaHHaa; 

K-03c|)4,HUHeHT, xapaKTcpuBy tOUtHH conpoTiiB- 
.leHiie AH(})(})y3HH napa b nopncxoM rejie h ynnTbiBaiomHfl no- 
npaBky na Be^iimiHy crecjjaHOBCKoro noTOka B,ia>KHoro Bosavxa 
B KanHJiJiflpax reTia. ^v-a 

Ha ocHOBamiif (51) mo>kho nanucaTb 

ror,Ta vpaBHenne (53) mo/Kho nanucaTb Tan: 

ildif~ Omi Yo V 1“ Yfl V 7^. ( 55 > 


B oS.iacTH B.ia>KHoro coctohhhh Teoa a„„ -= 0, raK naK ( ^ ) = 

_ n M . ^ ' 

u. , (.la rurpocKoniinecKOH oo^acTii mo>kho OTHomenne 
o6o3HaqiiTb nepea n nasBaTb TepMorpaAnenTHbiM KOBcjjcbHiui- 
eHTOM napoo6pa3Hoft B.mm ^ 

B nopncTOM Tejie MHKpoKannjiTiapHon CTpVKTvpbi noTeHn.na.iOM 
nepenoca asyiaeTca ne rpaimenT napunayibHoro ^aiaB-ieHna, a rpa- 
yineHT OTHomenna Pi/]/ T: 

Y7 ) \ 1 n^Pl\ / Pi \ 1 ^ 


' (Af ) - /rdf),-- 

B 3TOM CTiyqae a-ih Mo.aeKyviapHoro (3(j34}y3HOHHoro) noxona 
napa b nopncxo.M Te.ie Mbi nojiynnM cooTHomeHne (55), b koto- 
poM K034)(jnmHeHTbi a„,i n 4n 6yAyr onpeae^iaTbca no yipvrHM 
(popMv.iaM, a ne no (ftopMVviaM (56). 


njioTHOcTb ntt(|)(J)y3HOHHoro HOTOKa oc-MOTimecKH cBaaaHHon 
avHAKOCTH npa.MO nponopu,HOHa.ibHa rpaji,HeHTy ji,aB.ieHna naSy- 
xanna, KOTopbin b cbohd onepe/ib npaMO nponopuHonaoen rpa- 
jneHTy BnarocoziepjKaHHa. TaKHM oopasoM, n.aoTHOCTb OTct^^y- 
SHOHHoro noTOKa ocMOTnnecKH CBasannoft n<MHKocTH npaMO npo- 
nopuHonajibHa V“- 

B nopncTOM Tejie nojinKaninviapHofi CTpyKxypbi AH4)4)y3Hio 
ocMOTunecKH cBaaaHHOft jkhakocth h KaniinjiapHyio iiH4)4>y3WK> 
-MOiKHO xapaKTepHBOBaxb e;iHHbiM boktopom j^dify Tan Kan no 
COOTHOmeHHK) (46) leap SaBHCHT OT V » V T'- 

CyieAOBaTejibHO, .nH^JttJysHOHHbift hotok ocMOTunecKofl n Kannji- 
.lapnocBaBaHHOH acnaKOCTn 

j-Mi; = a;n 2 Yo V « + Yo V T. (59) 

Ec.ih o6o3HaqHTb oTHomenne alr2fa„i^ qepes So, to (59) mohv- 
HO HanHcaxb b BHii,e 

hdif = am2 Yo (V -T- ^2 V T). (60) 

CaeAOBaTejibHO, cHcxeMa yi,H(J)4)epeHHHajibHbix ypaBneHufl Macco- 
nepenoca 6yAeT HMeTb bh;i: 


dui _ 

— div n- A , 

(61) 

diu 

— div + L . 

(62) 


Cy.MMHpya (61) n (62), no.iyqnM 

Yo = — div iuif - div . (63) 

O T ■ 

riOACTaBHB BMeCTO jidif H }2di] COOTBCTCTBy KDlUHe BbipaJKeHHH, 
no,iyqHM 

Yo = div [o^„, Yo V « -f ami Yo V T’] + 

d- 

— ci i V [a^., Yo V « + a/n 2 Yo V ^ 1 - (64) 

Zl.ii(t)(j)epeHUHa.ibHoe ypaBneHne nepenoca xenjia Ovact iiMexb 

BHA 

c Yo ^ = div (‘AV T) + /-JO /lo — 2 V T. (65) 

a T 

* B o6meM cjiyyae TepMorpaAneHTHuft Koa^xJtnUHeHT o, BicnioMaeT b ce6fl h 
Be.inMHHy nepenoca JKHTtKOCTu, oSycjioBJienHoro pacuinpeHiieM sameMJieHHoro bo 3- 
j.y.xa b nopiiCTOM re.ie. noApoSno cm. [1]. 
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HcToqHHK tkh^kocth /a = /i2 onpejj.e7ifleTca h 3 vpaBHeHHH (61) 
^e^o no^araew dui/dT = 0: > 

^2 = Ai = — A = div (50) 

C.^e40BaTe^bH0, 

dT 

^ ^ ~ + '12 div (a,„, Yo V -r 


-f Yo V T') - 1" c, y T . 


Hjih 30Ha.ii>H0H CHCTeMti pacMCTa, Kor^ia ajih KajK^ioro HHxep- 
Ba.ia (soHbi) u li T K09(|)cj3HUHeHTi>i nepcHoca (X,a,„i, a,,,. aL aL) 
nOCTOHHHblMH, CHCTewa ;iH(l)4)epeHHUa.lbHbl X vpaBHeHHfi 
AiaccoTen^onepeHoca 6y;ieT nMCTb biiti: ' ^ 

du ^ _ 

~ = a^ V- 11 4- a,n V- T = [y- u + ciy^ T\, (68) 

— [(I'l «,«1 -4- Co o,„.>) y u 4- (Cio,^,, -4 c., y rj y r, (69) 

rite a„, — k-09(j34)HuneHT ;iH^4)y3HH B./iarH b nopncxoM xeTie: 

^ «,« = aJii -f , (70) 

Om — K-094)cJ)imHeHT TepM04H(|54)y3iii! B^ani: 

T 7 7' 

ii/rt = a,ai -ra„i2 ; (7jj 

® TepMorpa^ineHTHbifi K03(|)(j)HUHeHT; 


= 2 3a II 11 oe BemecTBo >khakoct b— .t en (i = 

,3). H.Aiee.M cHcxeMy nopHcroe Te.ao — >KH/iKocTb — .le/ noo- 

Heno^peyrSr^B j‘^y6.nHMauHa) h KOHACHcauHii ’ napa 

(oS.aiiMamiH) npeHeSperaeM 1/31 = 

vpaBHeuHe MacconepeHoca TBep^OH 

yasbi (1 — 3) CBH3aHHoro BemecTBa 3HaqHTe.nbHo vnpomaeTca 
raK KaK nepenoca .xb;ia He npoHcxo;iHT ih = 0): 

^ div 4- /, , (73) 

’du-i 

Yo — = /o, ( 74 ) 


r^e /2 /32 As A hctohhhk >kh;i.kocth, ooyc.iOB.TeHHbiii 

TaHHHeM .ib^a. CieaoBare.ibHo, vpaBHeHHe (73) ..iokho Hanw- 
caxb tbk: 

i^Ha j. . dii-i 

Vo-^ =-divj2,,^ + Y„^- (75) 

ripH 3TOM npea,nojiaraeM, qxo nopHcxoe xejio HMeex no.iHKa- 
nHJijiHpHyio cxpyKxypy, b KoxopoM nepenoc 7 kh;;kocxh npoHcxo- 
21HX nyxeM KaniMjiapHofi h MOjieKyjinpHOH ^iH^xfiysHH. 

O 6 biHH 0 npH paccMoxpeHHH CHcxeM, co/iepmamHx .xeji, bbo- 
4HXCH K03(j)4)HHHeHX TlbJIHCXOCXH t'3, paBHblH OXHOUieHHK) MaCCbl 
•ib^a A 13 K Macce Bceft B^narH M: 

£3 = ^ ^ . 

M 111 -f- «2 -r 1 I 3 -r 114 iiv-riis ’ ^ 

xaK KBK MaccocojiepHcaHHe napa h Bosayxa hhhxohyho no cpas- 
HenHio c Maccoco;iepjKaHHeM tki^kocxh h Jib^a. 

Ec.xh xe.xo He coAep>KHx jib;;a (u^ — O), xo KOsijHjiHUHeHx 
— U. bc.iH BCH Bo;ta npeBpamaexcH b jies. (^2 = 0), xo £ 3 =! 

B 6o.nbuiHHcxBe cjiynaeB e 3 <l (0<e3<l)- no.xbsyacfa cooxho- 
HjeinreAi (76), naxojiHM 

du = z^dus , (77) 

oxKy;i,a ' 

A _ A _ ~3 dwo du 

■ ( 78 ) 

Toxiia 7iH4)4)epeHu,Ha.?ibHbie vpaBHCHUH Maccoxen,ionepeHOca 6v- 
;iyx HAiexb bh^h: 

dtu „ -r ^ 

==a„,.V’-ii 

^ ^ 23 ^3 dlto . 'p 

— - o V-r-t- ^ - c. (o„s V « -!- o»j V T) y T, (80) 

rile /'og yAejibHan xenTioxa aaMepBaniiH skhukocxh (n.,iaBiieHHH 
vXbiia); c — y^ejibHaa xenjioeMKocxb: 

C = Co + CM^ + CaHg . (81) 

3xy CHCxeMy 4H4)4)epeHmiajibHbix vpaBHeHiift mohcho nepe- 
Hiicaxb xaK: " ^ 

-jr = ( ^ — = 3 ) [«,„•> 11 4- aLi V- T ] , (82) 


3 ) lljn2 — — I y“ T'-j- ( 1 Sg) 

C I 

1-2 (a ,„2 V 11 4- 0.^2 V T’) y r. 


rj 
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3. CsHsaHHoe BcmecTBO nap— (i=l 3). flOTib- 
syncb paccMOTpeHHbiM MeroAOM onpe/iejieHHH HCTORmiKa /31 h 
no^iaraH 33=1, / y, ^ ^ 

7lii(j3(}iepeHUHa^ibHbix vpaBHeHufl MaccorenTionepeHoca 

r . 7 - 

^ K21 — (intiV- T } , / 84 > 




- (^,ni V + ami V T) V r, (85) 

rje /-i3 — viieTibHaH r.en^ioTa cyS.iHMamtii .ib.ia; c — v^e.-ibHaa 
Tenjioe.MKOCTb: 

^ ~ ^0 + -f- C3«3 . (g0^ 

OocKOTibK-y (fjH^bTpauHOHHbiH nepcHoc Maccbi B nopiiCTOM xejie 
OTcvTCTB^er, TO B 4H4>cj)epeHUHa7ibHOM ypaBHeHHH TenjionepeHoca 
n.ieHaMii mojkho npeneOpeMb. Tor;xa cHCTe.Ma 

peHUHa.TbHbix ypaBHCHuft -MaccoTen.ionepeHOca 6v;ieT nwerb 
du 

— =A?„v=^a^/e,,V-^r, (87) 

y- T --- y^ u , (88) 

npil 9TOM K09(|)^HUHeHTbI H /ioi lie paBHbl Me'/KTIV COSofi. ilvlH 
CHCTeMbi 7=1,2: 

^11 = o,„, kj.2 = aJ„o = a„j3, (89) 


Rjin CHCTeMbi i = 2, 3: 

^11 = Ojjyy (1 83), /ej2 = ( 1 


) = (1 _ 3.) „ 


*== = « + (!- H) al,^ ; k,, = (1 

ZL^ia CHCTeMbi /=.l, 3: 

= a„,i, k.2\ = a„j] , 
k.22 = a -f afni — , /7.>, = a,„j 


ypaBHeHHH ( 87 ) 11 ( 88 ) cnpaBeiiJiHBbi ne ro.ibKo h.ih HecTauno- 
H JI,riH CTamiOHapiioro (^ 7 //r?T = 0 H.IH 

<7//aT=0). 

/lH4)^epeH4HajibHi>ie ypaBHeHHH nepenoca b npouecce cyuiKH 

1 . 71 H (|) 4) y 3 H o H H bi H B .3 a r o T e n .q o n e p e H o c. B npo- 
uecce cyuiKH Bjian^Hbix MarepHa^TOB (KanH.q.qHpHonopiicTbix ko.i- 
.lOH^lHbix Teji) npH oTcyTCTBHH TpaniieHTa o 6 mero iiaBjieHUH 
B*/ia 7 KHoro B 03 ;iyxa jiiH^cJiepeHmia.qbHbie vpaBiieniiH B.iaro- 11 xen- 
-Tonepeiioca iiMeioT bh^: 

du 

^ = /e, 1 y- w -- /ej „ y 2 T, ( 95 ) 

dT , 

— = /e.>, V- T ~ k.2, V- « , (96) 

onpe^ejiaioTCH cooxHomeHHHMn 

CHcxeMa ypaBHeHHH ( 95 ) h ( 96 ) HB.qHexcH Haiieo.aee oSmefl. 
oiia cnpaBe 7 i.qHBa He tojibko ;ijih npouecca cvuikh B.TaH<Hbix Ma- 
repna.qoB, ho h utih Jiio 6 oro BH^ia B^qaroxen.qonepeHoca. 

ripouecc cyuiKH UBjiHexca TiiniiqiibiM necxauHOHapiibiM 
npoueccoM xenjio- 11 Macconepenoca. iiero HcxomiiiK 

B.TiarH /, = — /] ]MOH<eT 6biTb Bbipaucen uepea .qoKa.qbHyio npoH3- 
BouHyio B.iarocouep>KaHHH no BpeMCHH (du/dr). BocnanbsyeMca 
MeTo;iOM pacnexa, Bnepabie npHBejieHHoro b paSoxe [3]. 

Odiuee usMeHCHHe Bjiaroco^iepacaHUH xejia du paBHo iisMe- 
HCHUK) d^i B pesyjibxaxe nepenoca B.qani ii iiSMeHeHuio ddi sa 
cnex (jiasoBoro npeBpameHna jkhukocth b nap, x. e. 

du = djLi ^ djii. (97) 

Opn 3 TOM npeunojiaraexcH, qxo o6iuee B.qarocojiepjKaHHe xe.ia u 
paBHo yjie.qbHOMy coAepjKaHino jkhakocxh (« = w, + M2 = a2) x e 
B paccMarpiiBae^Moii ciicxe^Me 7=1,2 77,=0. 

Ecjin nponecc BJiaronepenoca iiecxauHOHapKbiH (du-^0), to 
oxHomeHHe ujdu Syuex kohchhoh Be.qHqHHoft, xapaKTepnayio- 
men OTHocHxejibHoe HSMeHenne B^iarocoAepjKaHHa 3a cnex iicna- 
peHHH no OTHOiueHHio K oSmeMy HSMeneHHio B,aaroco;iepHvaHHH- 
B iiaHHOH xouKe xe^ia. 3xa Be^xHUHHa HaabiBaexca KpHxepneM h.xh 
K094)(|)HmieHX0M (|)a30Boro npeBpamennH jkhukocth b nap n 060- 
aiiauaeTCH uepes e: 

diU 

( 98 ) 

Ecjin d,-77 = 0, TO K034)(J)Hii,HeHx e = 0, T. e. HSMeneKHe B,xaroco- 
TiepHvaHHH npoHcxoiiHx xojibKo 3a cuex nepenoca hchukocxh- npii 
oxcyxcxBHH nepenoca jkhukocxh ( 77^77 = 0), Korua HSMeHenne B.ia- 

J9 
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roco^epTKaHHH re^ia b ^iio6on ero To^Ke npoHcxoa,HT To.ibKo aa 
cqer HcnapeHHa, K 03 (j) 4 )HUHeHT e paeen e^HKHue. CieAOBaxejib- 
3 - c.?iyqae K 03 (j)(|)HUHeHT e HaMenaeTCH or 0 1 ( 0 < 

^£<. 1 ), H ciicreMa AH(|)(^epeHUHa.ibHbix vpaBHenHH B.Taroren.io- 
nepenoca SyTier HMexb bh^: 


.1 dii 

-r — = o,„2 V -f a,„o o.>v- T~~ s -~ 


dT 

^asj- 1 — 3 - 

dx 


dll 
d X 


( 99 ) 

( 100 ) 


CpaBHiiBaH ypaBHCHHe ( 99 ), KOTopoe mojkho iiepenucarb b Biiae 

__ 

(1—3) 

c ypaBHeHiie.M 


[y- w -- oo y- T\, 


( 101 ) 


du 

~d7 


=-a,„ (y-w — oy^D, 


( 102 ) 


KOTopoe cnpaBe;iJiHBO caMoro oGmero c.nyqan, movkho npnii- 
TH K aaK.iioqeHHio, qro ohh Syiiyx xoTK^ecxBeHHbi npq yc,iobhh 
Bbino^nneHUH paaenoxB 


o,n = a,„2/( 1 — s) H 0 = 
CxciOAa c;ie;iyeT, qxo K03(j)4)HmieHT 

r?1 0,f 

- ^m -2 a, 


( 103 ) 


(104) 


B.iaroxen.ionepeHoca ( 99 ) ii ( 100 ) hjih 
H " sanucana b Bn^e ciicxeMu ypasHe- 


Hufi (95) H (96), HO npH 3T0M K03(|3(|)HUHeHXbI k j (i ■■ 
= 1,2) OyTtyx paBHH ' 

^11 = am2/( 1 — s) = /eio -= 


, 2 ; / = 

(105) 

(106) 

TaKiiM oopaaoM, HCxoqHHK napooSpasHOH BviaxH h /t.aa Hecxamio- 
HapHoro B^aroxenTionepeHoca b nponecce cvuikh BbipaHcaexca 
qepea cooxiiomeHHe ' 

/-2 = — /l =3 Yo— ■ (107) 

, d T 

2ll 


k^= a + i 


= 8 - 


( 1 - 3 ) 


(1—3) 


Oho aHa.ioniqHO cooxHomeHHio ( 78 ), xo.ibKO BMecTo KoadxbHmi- 
eHxa HcnapeHHH 3 b 78 ) Bxoioix K 03 (|) 4 ,HHHeHT .ib^picxSii 3^ 
CooTHomeHiie ( 10 /) jiaer BoaMOJKHocxb BwpaaHXb K 03 d)d)HHHeHT 
= qepea a 6 co.iioxHbie aHaqeHuH noxoKa jkhakocth l/oj ii noxoKa 

napa j /i j. B caMOM ;ie^e, noitcxasHM bmccxo Yo— cooTBexcxsy- 
lomee BbipanceHne 

du 

To x:; — = — div jj — div j., 
ax 

H BOcnoTibaycMCH paseHcxsoM* 

^-2 = — /j = — div j,. 

Torii,a 6y;ieM HMexb 
du 


/2=n0 




(div jj + div j.,) = div jj , 


oxKViia no/iyqaeM 


= — div ji 


= / 1 ^ divj., W 

llvjo. \ ‘ divjj 


(108) 


( 109 ) 


div ji divjo 

04H0MepHux 3a;i,aq, Korjia BeKxopbi jj h j% HanpaB.ieHw 
napaji7ie,;ibHO h.ih aHXHnapa.iJiejibHO, HMeeM 

d 


div ja 
div jo 


<?A' 


h 


dx 


ji 


( 110 ) 


Ec.ih no.iOiKiiTb £ ^ const, xo, oqeBii;iHO, h OTHomeHHe ( 100 ) 
ilOJIiKHO ObITb nOCXOHHHbIM H paBHbl.M j /o j, j j = COHSt, a H 3 (bop- 
My.;ibi ( 109 ) HOt/iyqaeM ^ ^ 

i/.i+i/=r' 

cyuiKii B.iaH<Hbix MaxepnaTioB cooxHomeHHe ( 109 ) moxho 
H anHcaxb xaK: ' . 

- ^ Qmi (v-// + ^iV-r) 

Om (V'« + 5y-r) 

Ec,^h b cooxBexcxBHH c (jiopMyjioii ( 103 ) ho.iojkhm 5 = Oi = o, 
Tor^a nojiyqnM papencTBO s = qxo vHce 6 bi.io vcxaHos'- 

.leno Bbiiue. 


(112> 


Zljia ynpomeniiH Baniicii jiHaeKc dif onxiueH. 
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TaKijM o6pa30M, Bee^teiiHe Koacb&HUHeiiTa k KaK 
CTiiKif OTHomeHHH noTOKOB TKHjiKOcTH H iiapa iipii HeCTa^UHOHaO 
OM B.iaroTenj]onepeHoce b npopecce cxiukh rpeSver co6,noiie- 
iH paBeHCTB (103) ii (104). 3 th paBencTsa Bhino.THaioTCB b o6 
^MHe COCTOHHHH B.ia>Knbi.x MaTepiiajiOB Bae- 

^ Hiie K034)(|)HUHeHTa y npii noMoiuii oxHouiennH (98) He TDe6ver 

Mo>kho 6bi.r,o ti>opMy.ny (111) no.io>KnTb aa ochobv nnn r,- 

Hs cooTHouieHHH (111) c.ieAyex 


dob "ai’PaB-ieHbl B;i0^b BekTO- 

P Ji Jo- Tor^a H 3 4nc|)(f)epeHiiHa.nbHoro vpaBneHUH 


Yo "T — = — div ji — di V jo 
Or 


^ ~ I ^ ''''' = - "iv jfy I/, I l,B - div j,. 

Ec.iii no.iowiiTb l„, = l,j., qTo oSHaiiiiex, vxo Bek-xoDu i, u i 
HanpaBHeHH o^tiiHaKOBO, to no./iyqHM ^ ^ 

du 

77 ^ Yzrr j’- ( J i 6) 

ila.Tee, iipe;ino.,iaraH, hto KoacJjchHUHeHT s He aaBHrux or 
KoopaHHax (3 = const), h3 (116) nOviynaeM 

du A.j 

V» = . (117, 

oxK>7xa Haxo4H»i BbipaaieHiie 4.19 iicxoBHUKa B.iarii 

Ho'’t^nDnwrrv"; ° BeKTopoB I,„ npHMeHHxejib- 

HO K nponeccy cvuikh osHaHaex, hxo BeKTopbi 

ii = — (JJ9) 

= ~ arm ( V » - o.,v T) (1 20 ) 


obiXb oiiHHaKOBO HanpaBneHbi, 3 x 0 dvTex ec ni 8.== 8, 
TpedoBaHHe codnioiieHHH paBencxBa 61 = 60 ox^ex 'BbinonuHTbcH 
B rHrpocKonHMecKOH oonacxH, nocKonbKy TepMorpa^HieHTHbiii ko- 
3(l)(|)HHHeHx onpeaenaexcH khk oxHouieHHe nepena;ia Bnarocoaen- 
>KaHHH K nepena^y Te.Mnepaxypbi npn oxcvxcxbhh B.naronepeHo- 
ca, X. e. b ycnoBHHx MO^ieKynapHoro h TepMojnna.xnmecKoro paB- 
HOBecHH >KH,TK0CTH II napa BHyxpH B.Ta>KHoro xena 

fAu \ 

l^W 

HeoexoAiiMO oxiiexHXb, vxo BbipajKeHiie (1 18) j.ib hcxobhiikob 
B viarn cnpaBe/iJiHBO xo-ibKO .unn HecxamiOHapHoro Bnaroxenno- 

nepeHoca, Kor;ia 0. cxaiuiOHapHoro pnaroxen.Tonepe- 

(TT "" ° S _^co, xaK K-ak- du^^o. Hoa- 

TOMy B^e.THHHHa HCTOHHHKa /o^oo-O, T. 0. HeonpeTieneHHOcxH. 

4T06bi pacR-pbiTb 3Ty Heonpe^eTieHHOCTb, BOcno.ibayeMCH 
vpaBHeHiieM (99), H3 koxoporo cneitvex 

du da 

“ 77 "" 7^ ~ ~ ^ 22) 

npH crauHOHapHo.M cocxoaHHii du/dT = Q, cjieitOBaxe.TbHo, 

da _ 1 

^ J7 T') - ~ div jo . ( 1 23> 

Yo 

C 4pyroii cxopOHbi, h 3 ;in(|)c|)epeHmianbHoro voaBHeHun (115) 
npHdH/dT = 0 no.TyHii.vf ‘ '■ ^ 

div j.o = — divjj. ( 124 ) 

TaKH.M o6pa30M, jina HcxoaHiiKa Bviarii npii cxamionapHOM no- 
xoke BviarH no-aynaeM BbipaaceHHe 

I du .. . 

^2 ==, SYO y- = div Jo = — div Ji. ( 125) 

T. e. cooTHOuieHHe (109). 

C.ie^OBaxe.TbHo, ypaBHenne ana ncxoHHHKa B.iarH 


= — div ji -- div (a„„ V ^ — aj„i y T) 


BBbTaexca donee ooihhm, cnpaBe;innBbiM Kak mn necxauHOHap- 
Horo, xaK H cxaiiHOHapHoro Bnaroxennonepenoca bo B.ia/KHHx xe- 
nax. 


yi 
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iie.iHeTCH (})opMy.JiaMH (89) h (90). /e,-,- onpe- 

TepiicTHKofi "^Hecrai^«OHap«o™ xapaK- 

Hou xapuKTepucTUKe m reuna Haaoeftnuu anaAoeiiH- 

S cmduu. peeyAHpHoeo peluMa 
Be.iMMHHa Tejrna narpeBaHjis, 

/« = _/ ‘ f gr 

I n r ) d- ' 027) 

Be.iHqHHd ni HB..iHeTc>i KOHeqHoft Be^inqHHoii u pasHofi 

rn = -^Bhrp, ^^28) 

•MenaeTCH I ^(0 no^in, 113- 

^ - rH;ipaB..HqecKHft pa;iHvc 

Te.ia. Bi,-KpHTepHfi Bho. B cTauHOHapnoM coctobhith ^ = 

= 0, a Be.;rHqHHa ( — L.'i = on {T — t\ 

\T^~TJ ^ ~ ^ c), cjiejiOBa7ejihHO,.aHajio- 
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OAHoponHoro BnawvSoro reia 'uia ^'npaeejiJiHBbi ajjh 

raK^Ke cnpaBezt.iMBbi B.ia>KHbix reji ohh 

KocHOBeHHH B.iaavHbix Te.ri cvinec?BveT rpanHpe conpu- 

3x0 o6yc.ioB.7eHo re.M hto ^ ^-^aroco^iepTKaHHH. 

noreHpHa.ioM nepenoca Biarii oho ^iBJiHeTca 

.ioco;iep>KaHHto).\ He xeMnepaxvp^^^ ^Hxa.ibHHH (xen- 

onpe^^XB^rcT'nrBe.i^™ conpHKOCHOBeHHH xe.x 

npHKacae.Mbix xe.x c„, yxeibHaa n-fnt ” (BnaroeMKocxii) co- 
onpezie.XHexcH no cooxHomeHHro ' ^ ^^P'’”^ecKaa MaccoeMKocxb 

c„, = (fL^ , 

epenoca 0,- 0,.^j h cKanoK Bjiaroco;iepavaHHff 


06o3Ha4eHHfl 


.c„ 
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. .7. M. HHKHTHHA 

nOTEHUHAJl HEPEHOCA MACCbl B KOJlJlOMAHblX 
KAnHJlJlJlPHOnOPHCTblX TEJIAX 

ripoueccbi copomiH h ;iecop6nHH B.narn paa.iHqubiMn ware- 
pHajia.MH npoxeKaiOT ca.MonpoiisBo.abHo h hb.ihiotch repMOAHHa- 
MHqecKH Heo6paTHMbiMH. Aah HeoSpaTHMoro >Ke npouecca, KaK 
HSBeCTHO. BTOpoft SaKOH xepMOAHHaMHKH MO>KHO SanHCaXb B BHAe 

dS=ip--i-A, (1) 

I'Ae S — SHxponHfl; T — adcoAioxnaa xeMnepaxvpa; Q — KOAHqe- 
cxBO xenAa; A — noAomHxeAbHaH BCAHqHHa. 

Hs ypaBHeHHH (1) bhaho, qxo sHxponHH CHcxeMbi b hboo- 
paxHMOM npouecce moavcx HSMeHaxb CBoe BHaqeHne b aaBHCHMO- 
cxH ox norAomeHHH cncxeMoft xen.noxbi HSBHe hah ox noxepH eio 
xenAoxbT npH Heo6paxHMbix BnyxpeHHHx HSMeneHnax b CHcxeivie: 
xiiMiiqecKirx peaKuiiax, AH(j)4)y3nii, xpeHitit, iisAyqeHiiii ii x. a. [I]. 

Ajih aAHa6axHqecKoro npouecca dQ 0 h,' CACAOBaxeAbHO. 
dS = A. 

TaK KaK qACH A BcexAa noAOJKiixeAen, xo SHxponna npn 
aAnaSaxHqecKOM neoSpaxHMOM npouecce moavcx xoabko Boapa- 
cxaxb AO xex nop, noxa bch CHCxeMa ne npiiAex b paBHOBecne. 
SnaqiiT, npn paBHOBecHu b ciicxeMe 5 = Ecah npouecc 

aAHaCaxuqecKHft (dQ 0), ho oSpaxHMbift (A==0), to n dS = 0. 
X. e. 5 == const. B o6m,eM CAvqae SHTponun CHCxeMbi MOJKex 
ygbiBaxb, Bospacxaxb hah ocxaBaxbca nocxoHHHoft b saBucHwo- 
CTH ox xoro, KaKOft npouecc coBepmaercu b cncxeMe. Ecah 
cHcxeMa He aAHaSaxuqHa, xo SHTponna SyAex Bospacxaxb b tom 
CA yqae, kofah tchao nocxynaex b CHcxeMy, h vMeHbuiaTbca, 
ecAH xenAO hs chctcmh 6yAex yxoAHXb. 

noAcxaBHB B (1) dQ = dU - j- PdV, FAe U — BHyxpeHHaa snep- 
fhh; P — AaBACHHe; V — o6X)eM, rio.iyqHM 

TdS = dL'-i- PdV A 

HAH 

dU =rdS PdV — TA. (2) 
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npH nocTOHHHbix S H V’ dU = -TA. TaKKak-qAen 7 A BceFAa 
OTpHuaxeAen, xo BHVxpeHHaa BuepFua chctcmh npn nocxoanubix 
^ H y MO>KeT TOAbKO VOblBaTb, II B COCXOaHHII paBHOBeCHH 


SHxavibniia b vcaobhhx paBHOBecua xaKjKe npuHHMaex mh- 
HHMaAbHoe, sHaqeHHe. ItsMeneHue auxaAbnHH (H) aah Heo6pa- 
THMOFO npouecca moikho noAyqHXb h3 VDaBHeuna (2). ocah 



dH = TdS -^VdP — T A. 


ripn S const n P — const dH = — T A h b cocxoaHiin paBHO- 
BecHa = ^ 

B npaKxiiqecKHx pacqexax qacxo noAbsyioxca xaKHMH xapax- 
xepHcxHqecKHxiH cfiyHKUHaMH, KaK CBo6oAHaa snepcHa {F) h h 30- 
6apHO-H3oxepMHqecKHH noxenunaA (Z). JXjifi Heo6paxHMOFO npo- 
uecca HSMeHeHHe cboooahoh SHepxHH MOJKHO noAyqHTb H3 ypaB- 
Bbiqecxb H3 eFo npaBofi h acboh qacxefi no 

d (TS), a HMeHHO 

dU~d (TS) ^TdS — PdV ~ TdS — SdT — T A, (4) 

OTKyAa ' 

dF ^~SdT ~PdV—T A. 

npii V = const H r -= const dP = — r A. TaK khk qACH — T A 
BC^Aa oxpHuaxeAeH, to CBoGoAuaa SHepma npn V — const 
^ — const Moacex toabko vSbiBaTb, ii b coctohhhh paBHOBe- 
CHa OHa npHHHMaex MiiHHMaAbHoe SHaqeHiie F = F 
Hs ypaBHeima (4) npn P = const ^ 

dF=~PdV — TA MJivL PdV = ~dF — T A, (5) 

FAe PdV — pa6oxa, coBepmaeMaa cHcxeMoft npH HsoxepMHqe- 
CKOM npouecce. Ecah npouecc o6paxHMbiH, xo PdV=~dF, cacao- 
BaxeAbHo, npH HsoxepMHqecKHx o6paxHMbix npoueccax pa6oxa, 
coBepmaeMaa chcxcmoS, paBHa yMeHbuieHHio cbo 6 oahoh anepcHH 
ee. HaoSopox, ecAH hha CHCxeMoii coBepmaexca pa6oTa BHeuiHH- 
MH CHAaMH. X. e. P-dV oxpHuaxcAfaHo, TO OHa 6yAex paana yae- 
AHqeHHK) CB060AHOH SHeprHH CHcxeMbi. 

ripH H30xepMHqecK0M HeoSpaxHMOM npouecce pa6oxa Menb- 
me HSMCHCHHa cbo6oahoh sHeprHH Ha BeAHuuny TA. 3to snaqHx, 
qxo B xarax npoueccax qacxb cbo6oahoh aneprHH nepexoAHx b 
xenAoxy. Thkhm o6pa30M, HeoSpaxHMbifi npouecc OKaswBaexca 
-vienee sKOHOMHqHbiM. OxciOAa cAeuyex, qxo HaH6oAbuiaa paSoxa 
Koxopyro cHcxeMa mojkcx Aaxb b iisoxepMHqecKOM npouecce Me- 
>KAy ABy.Ma AaHHbiMH cocxoaHna.MH, noAyqaexca npH o6paxHMOM 
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npouecce Me>Kiiy sthmh coctohhhhmh. 3Ta HanSojibiuaH paoora 
paBHa pasHocTH CB060AHOH sneprHH b bthx iiByx coctohhhhx. 

Ecjih b paccMarpHBaeMOH repMOjiHHaMHqecKOH CHcreMe Heaa- 
BHCHMbiMH napaMerpaMH HB.naioTca Texineparypa n ztaB.TieHne, 
TO xapaKTepHCTHMecKOH (ftyHKUHeH 6y;i,eT H3o6apHo-H30TepMHRe- 
CKHH noTenuHaji. Ero bh^ Tl.riH neoSpaTHMoro npouecca mo>kho 
no.TiyqHTb h 3 (4) nvTCM npH6aB.TeHHB k o6eHM ero qacTBM no 
d (PV): 

dF (PV) =■ — SdT — PdV -r PdV 4 VdP — T A 

\iJlU 

dZ = — SdT -4 VdP -TA. (6) 

ripH T = const, P — const dZ ~ — T A, r. e. ii306apHO-H3OTep- 
MH^ecKHH noTCHUHaji B cHcreMe npii HeoSpaxHMOM npouecce 
VMeHbuiaeTCu. B coctohhhh paBHoeeciifl Z == 

npOBe;ieHHbi0 auajius ueoSpaTUMbix npopeccoB, KaK naBecTHO, 
4aeT BOSMOUvHOCTb vcraHOBUTb oSmue ycaoBuu paBnoBecnu 
CHcreM: 

ecan U = const, V = const, S 
ec.iH H = const, P = const, 5 = 
ecjiii 5 = const, V const, U = 


ecjiH 5 = const, 
ecjiii T = const, 
ecTiH T = const. 


P == const, H 
V = const, F = 

P = const, Z Zj,,,,,,. 


TaKHM o6pa30M, BO3M0aiHOCTb CaMOnpOH3BO*TbHOrO TeueHHB 
npouecca onpeuejiHexcH yBejiHuenueM sHTponuu h.xh yMeubuie- 
HHCM cooxBexcxByiomero xepMouHHaMHuecKoro noxeuuHa.xa, 
a ycjioBHCM ycxoHUKBoro paBHOBecua uBJinexcH cooxBexcxBeHHo 
MaKCHMajibHoe suauenHe sHxponHu H,nH MHHUMa.nbHoe suaueHue 
cooxBexcxByiomero xepMouHHaMuqecKoro noxeHuuajia. 

3xH yCJIOBHH UBJiaiOXCH He XO.nbKO Heo 6 xOii;HMbIMH, HO H UO- 
cxaxouHbiMH, ec.xH oGecneueHbi Bce upyrne yc.xoBHH u^xa ycxanoB- 
.xeuHa paBHOBecHa (nanpHMep, HCKOxopbie xHMHuecKHe peaKuiiii 
Huyx TOJIbKO npH HaJlHUHH KaxaJIH 3 axopOB, XOXH XepMOUHHaMHqe- 
CKH OHH B 03 MOH<Hbi Bcer/ta, — CBo 6 ouHaa aneppHa npn hhx vobi- 
Baex). 

Tax KaK npH y = const, 7 = const CBo6ouHaa sHeprua cHcxe.vibi 
npH neoSpaxHMbix npoueccax mojkot xo.abKO yMeubmaxbca h b 
cocxoaHHH paBHOBecHH OHa MHHHMajibHa, TO, aHa.TiH3Hpya xapaK- 
repHCxnaecKvio (J)yHKu,Hio Fe^xbMro.nbua dF = dlJ — TdS, mohvho 
cuecxaxb c.xeAyiomHe bbiboabi: 
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^ OTCyXCTBHH BJIUHHHa sHxponHHHoro (|)aKTopa (x e 

npH ds={h) caMonpoH3BOJibHO Moryx npoxeKaxb xojibko thkhc 
n^^^ccbi, npn KOTopbix BHyxpeHHaa SHeprna yMeHbuiaexca, x. e 

2) npH dV = ^ (U = const) caMonpoHSBOAbHo Moryx npoxe- 
Kaxb TOvXbKo xaKHe npoueccbi, npu Koxopbix dS>0. B o6meM jue 
c.xyqae dF onpeue.xaexca cvMMapHbiM BJiHanneM OAHOBpeMeHHorc 
H3MeHeHHa U 11 S. ^ 

yMeHbiueHHe BnyxpeHHeH anepmu motkho CBaaaxb c Bbiae.xe- 
Hueu SHeprHH, npoHcxouamnM noA AeiicxBneM BsaHMHoro nnuxa- 
TKeHHH npn cQjina^eHHH aacxHu, o6pa3viomHx BemecxBo Boaoa- 
cxaHue a<e sHxponHu motkho CBasaxb c pas-beAHuenHeM axnx aa- 
cxHu (npn pacuiHpeHHH BemecxBa hah ocAa6AeHHH csasH Me>KAV 
aacxHuaMH) npoHCxoAHiUHM noA AeScxBHeM hx nocxoaHHorb 
ABKTKeHna [2], BAHaHHe SHxponHHHoro (}>aKTopa oxHocHxeAbHO 
Boapacxaex npn noBbimeHHH xeMnepaxypH. Hao6opox, npH oaenb 
HH3KHX Te.Ainepaxypax BAnaHHe snxponHHHoro AaKxopa He mo- 
TKex ObITb BHaHHXeAbHblM, THK KHK HABH TAS TipU 3XOM XO>Ke 6 aH- 
30K K HyjIIO 

Ka>kAbiH xep.MOAHHaMHqecKHH npouecc mo>kho paccMaxpu- 
Baxb KaK pesyAbxax AeScxBHa sthx AByx 4)aKTOB. CooxHouieHneM 
Me/KAy hhmh onpeAeAaexca B03Mo>KHocxb 11 HanpaBACHne caMo- 
npoHSBOAbHoro xeqeHHa npouecca. 

Ha xepMOAHHaMHKH HeoopaxHMbix upoueccoB {31 iissecxHo axo 
3aKOH coxpaHeHHa Maccbi aah saKpHxofi CHcxeMbi Bbipa>Ka'exca 

VpaBHenUeM pa/ivaciCM 

*" = (2''r'W|)ds=0, (7) 

rae - Macca oaiioro mo.iih i-ro KoinnoHeHTa; v,_cTexHOMe- 
TpHHeCKHH K03())lj,HHHeHT r-ro KOMnOHeHTa B XHMHBeCKOfl pea4 
uhh; I ~ cxeneHb noAHoxw peaKUHH. ^ 

UAH OTK-pblXOft CHCTCMU MOHCHO paSACAHTb H3MeHeHHe MaCCbl 
/-ro KOMnoHeHxa Ha Ase aacxH: BHeiuHioio dfn,^, noAyqeHHyio 
H3BHe, H BHyxpeHHioio dm^^, oCycAOBAenHyio HSMeneHHaMH BuyxpH 
CHCxeMbi, T. e. 

<■ dttt; = dnti -j- dttin . 

yuHTbiBaa ypaBHCHHe (7), mojkho HanHcaxb 

dm =dmg, 

rue — noAHoe HSMeueHHe Maccbi chctcmm, a = Y^dm^. 

CooxHouieHHe (9) Bbipauiaex saKOH coxpaHeHHa MaccH b ox- 
pbiTbix cHcxeMax h noKaaHBaex, qxo HSMeHeHue hoahoh Maccbi 
CHcxeMbi paBHo Macce. oSMenenHOH c BHeuiHeft cpcAOH. 
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ripoueccbi nepenoca xenjia ii Maccbi b OTKpbiTbix CHcreMax 
onpeAe.xHFOTCH pasHocTbio cooTBexcTBViomHx noxeHunajioB ne- 
peHoca. 

noxeHUHa.Ti nepenoca xen^xa — xe.Mnepaxypa — Sblx BBe/ien 
AaBHO H nojiyqn.x CBoe cxporoe o6ocHOBaHHe b xepMojiHHaMHKe. 
3x0 oScxoHxe.xbcxBo oSvc.xobhjio ycneuiHoe pemeHite npo6.xeMbi 
xenjioopMena, ne ocjioncneHHoro MaccoodMenoM. 

BnepBbie A. B. JIbiKOBbiM dbuxo BBejieHo noHHxne noxenunana 
nepenoca nemecxsa nan neKoxopon (pyHKunn MaccocoaepjKannH n 
BHeuiHHx napaMexpOB. noxenunaji nepenoca semecxBa no [4] on- 
peae^anexcH c noMOuibio axajionnoro xejia (4)HJibxpoBajibnaH 6y- 
Mara), MaKCHMajibnoe copdnHonnoe MaccoconepvKanne Koxoporo 
npnpaBniiBaexcn 100 eAHHimaM MaccoodMennoro noxennna.xa. 
3x0 xaK nasbiBaeMbiH SKcnepnMenxajibHbin noxennnaji nepenoca 
Maccbi BemecxBa. 

B padoxe [5] Bonpoc o noxenunajie nepenoca Maccbi BemecxBa 
pemaexcH Hcxoa,B ns ocnoBnbix nojioniennn xepMo/tnnaMHKH ne- 
odpaxHMbix • nponeccoB n K.xaccHqecKon xepMO^tnnaMHKH. B [5] 
nojiynenbi b BBnoM bhag Bbipa^KennH /(.nn xHMuqecKoro noxeii- 
una.xa (p) nepenoca Maccbi paa^xnqnwx (popM cbhsh. 

HsBecxno, nxo Maxepnaji odjia/iaex cnocodnocxbK) npii conpn- 
KOcnoBenHH c boaoh odpaaoBbiBaxb c neft CBHsannyio ciicxeMy; 
npnneM boab, nocxynHBiuaH b waxepnaji, yAepxiHBaexcn b hcm 
c neKoxopoH chaoh. FIpnpOAa n BeJinnuna Ixhx chji paajinnnbi. 
ripn 3XOM no Mepe yBeAnnennH BJiancnocxH Maxepnajia cnjibi oa- 
HOH Kaxeropnn ncqepnbmaioxcfl n b noBeAennw BAarn nannHaiox 
nrpaxb npeodAaAaiomyio poAb chaw Apyrofi Kaxeropnn. HnbiMn 
CAOBaMn, cymecxByiox xanne nnxepnaAbi BAaninocxn MaxepnaAa. 

B Koxopbix noBeAcnne BAarn ynpaBAaexcH cobmccxbo cnAaMH paa- 
AHqnbix Kaxeropnn, npnneM b saBncn.Mocxn ox pnAa AonoAiin- 
xeAbKbix ycAOBnn (cxpyKxypHo-MexannnecKHx cbohcxb Maxepna- 
Aa, coAepiKannn pacxBopnMbix coAen, xeMnepaxypbi n x. a.) npe- 
odAaAanne motkcx nepexoAnxb ox oahoh Kaxeropnn cnA k Apyron 
AajKe npn oakoh n xon yKe BAaxinocxn. B sxom nepeKpbixnn odAa- 
cxen Aencxann cnA pasAnnnbix Kaxeropnn n aaKAionaexcH, no- 
BnAHMOMy, nandoAbUian xpyAHocxb xpaKxoBKn nBAennii nepenoca 
Maccbi BAarn bo BAajKHbix waxepnaAax n nx naynennH. 3xa xpyA- 
nocxb, B nacxoHuree BpeMH onenb anannxeAbnan, onpeACAnAa x'en- 
Aennnio k aaMene nosnannH cymnocrn BBAennii npocxbiM koaumc- 
cxBennbiM nsMepenneM nx Bneuinnx npOHBAenun. K xannM Me- 
xoAa.M. qacxo npnderarox b bombo-h rpyaxoBeAenun * [6 — 11]. 
Bbipa>Kaexc5i axo b xom, axo Bce chabi pasAHnnon npnpoAbi, b co- 
BOKynnocxii onpeAGABioinne codon noBeAGnne noMBennoii BAarn. 
odTjeAHnnioxcH b oahv. nasbiBaeMyio b noABOseAennn BcacbiBaio- 

‘ B paOoTe C. C. KopMviiOBa [1 1], nocBHmenHoii aaiinoMv Honpocy, npii- 
o 6 ii]npiiaH 6 n 6 .iiiorpa(})iiH oTeMecTBemibix h 3 apy 6 e>j\Hbix iicc.ie.i.oHa- 

Te.neii. 
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men cBAoii. Ca.MbiM xapaKxepnbiM npnsnaKOM sxonciiAbi nBAHexcst 
ee odpaxHan saBUcn.Mocxb ox BAan<Hocxn noMBbi: c VBeAnqeHne.M 
nocAeAHeii BcacbiBaioman chab noqBbi y.MeHbmaexcH. 

BnepBbie KannAAHpn.Aiexp — npndop aah ns.AiepeHnn Bcacbi- 
Baiomen chabi noABbi b noAeBon odcxanoBKe — dbi.i npeAAOTKen 
o. J . IvopneBbiAi [6]. B nocAeAnne x<e roAbi noapHAcn dra aioah- 
qiHKauHH xaKHx npndopoB. 

ripudopbi aah onpeAeAennH BcacbiBaiomen cuAbi noABbi co- 
cxoHx H3 AaxAHKa. .AianoAiexpa n coeAnnnxeAbHbix xpvdoK. Zlax- 
MIIKM npcACxaBAHiox codon odbmno UHAHHApnqecKHe naKOHennH- 
Kii, nsroxoBAenubie ns nopncxoii KepaMHKH. BnyxpennHH noAOcxb 
AaxmiKOB sanoAnena boaoiI. /laxqnKii noMemaiox b noqBv na 
nxydnuy, neodxoAHMyio aah nsAiepennH BcacbiBaiomen c’liAbi. 
t-CAii BAa/KHOcxb HOABbi HaAnex Bospacxaxb, xo coAep>Kam,aH- 
CH b nen B.iara npoHnnaer b Aaxqnn; ecAn >Ke BAajKnocxb noABbi 
yMenbmaexcH, xo ona naqiinaer BbicacbiBaxb boav 113 Aaxqnna 
B COCXOHHHH BAaxKHocxHoro paBHOBecHH (JiH KCHpvexcH noKasaniie 
.ManoMerpa, Koxopoe n dvAex onpeACAHXb BeAnqiinv BcacbiBaio- 
men CHAbI nOABbl. 

Opudopbi, nocxpoennbie no xaKOMv npnnnnnv. padoxaiox 
yAOBAeXBOpHXeAbHO npn BbICOKnX BAa>KIIOCTHX. npn HH3Kn\ 
BAaTKHocxHx BCAeAcxBiie MaAofi BAaronpoBOAHocxn noABbi n noA- 
BH/KHocxn BAarn noKaaaHiiH npndopoB xienee xoqnbi [1] 

npndopbi, AencxBiie Koxopbix ocnoBano na BAa>KHocxHOM 
^ .MaxepnaAOM, namAn npHAienenne b rpyHxoBeAeHim 

JoJ. /XaxqHKa.MH b xanux npiidopax cavhox rnncoBbie d.TOKii, 
KanpoHOBoe boaokho n x. a. CoBepmenno oqeBHAno, qro raKiie 
npnoopbi odABAaiox doAbmofi Hiiepnno.HHOcxbio. 

no AannbiM [14], KannAAHpnMexp nosBOAner nsMepnxb cocv- 
mvio CHAV noABbi B npeAGAax ox 0 ao 6,9- 10^ IIah doAee 

BbicoKHx AaBAennn dbiA npeAAOTKen MexoA ueHxpndJvrn c no- 
nsMepHXb BcacbiBaiomvio ■ CHAV or 

U,2 • 1 0"’ AO 10- 1 0’ h / m - [9], 

ripn doAee hhskhx BAaninocxnx none n rpvuxoB paspadoxan 
PHA viexoAOB onpeAeAeHHH BcacbiBaiomen CH.3bi: no napunaAb- 
HOMv AaBAeiiHio napoB boabi, xe.Mnepaxvpe saMepaaniiH noqBeii- 
HOH BAarn, xenAoxe cMannsannH n x. a- TaKiiM odpasoM, npiiMe- 
iiHH paaAHqnbie MexoAbi, mo>kho na.MepHXb Bcacbmaiomvio chav 
noqBbi npn Aiodbix ee BAa>KHocxHX, naqnnaH ox noAnoro nacbime- 
hhh, KorAa BcacbiBaiomaH cnAa paena nyAio, n Konnan nonxii 
coBce.vi cyxon noqBon, KoxAa oxa cnAa npndAiivKaexcH k 10® h / m ~. 
Ho [14], BcacbiBaiomyio CHAy mo>kho paccMaxpiiBaxb Kan BeAii- 
q.nny cBodoAHofi BHeprim Aannoii nonsbi. Bbipa>KeHHyK) b eAnnn- 
nax AaBAennH. 

no Aanubi.M pHAa nccACAOBaxeAefi, na.MepHBmnx BCAnqnnbi 
BcacbiBaiomen ciiAbi b noqBax n rpynxax, BbiqncAenbi snaqennH 
xepMOAnnaMiiqecKnx napaMexpoB nepenoca Maccbi b hhx — xii- 
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riX?oeS.rC'::'"’ " « H30rep.H.e. 


II , KZfKe 0^ 1 

— fi -108, dOKfMOAb 3 ’ 82 

MOAbfdjic 0.009 


u Ke/fce 0, 16 

—a. 108, dx/MOAb 4 , 83 
J>toAb/dM 0 022 


ribiAeeaTbiu cyzAUHOK [14] 


CepoaeM A [U] 


0, 18 
1,43 

0,22 

1,051 

1 0, 26 . 

0, 751 

1 0, 092 

0.121 

0, 134 

U4] 



1 0,24 1 

0,28 i 

0,39 

2,129 

1,392 1 

0,764 

0, 048 

0 , 059 1 

0,064 


0,18 

—ft- 108, djfc/MOAb 4,778 
Qz-IO"®, AWAb/dofc 0,013 


«, kz/kb 0,022 

—ft -108, dM/ MOAb 54,6 

MOAb/djK 0,0004 i 


CyZAUHOK rpUHBUAb, COpdtfUH [ 14 ] 


0,26 0,33 

0,005 0,003 

25,8 25,8 


u, kz/kz 0,022 

-;-ft-108, djK/MOAb 54, 6~ 

^m-10-6, MOAb/dM:l 0,0005 


CyzAUHOK r puHBUAb, decop6yu.i [14] 

0 022 I 0,056 I Oil I n oi 


0,11 0,218 

0,546 0,055 

0,165 2,86 


necHQHucTbiu cyzAUHOK Hopcpo. 


u^kz/kz 0.12 

—ft -10', due /mo. lb 4,57 

^w'^O— 7, MOAb/dM; 0,012 


u, kz/kz 0,18 

-;ft -10'. djK/MOAb 4 , 96 
• 1 0—' , .MOAb/doiC 0,019 


CyzAUHOK JJeoHapdroyH [14] 


0,24 0,26 
0,722 0,501 
0.053 0,119 


U, KZ/KZ 0,28 

—ft -107, doic! MOAb 3 , 82 
^m-^0-7, MOAb/dM 0 008 


f auhq CeccuAb [14] 


CeposeM anduMUHCHuu [14] 


U, KZ/KZ 

— ft -108, djic / MOAb 
. 1 0—8 , MOAb ’dM 


0,26 

0,28 

0,30 

3,33 

2,02 

1.31 

0,01 

* 0.021 

0,039 


0.34 0,40 
0,655 0,205 
0,092 0,244 


nbiAeeaTbiu cyzAunoK u3-nod nodao to 
C. nod 


K7 kz/kz 0.025 

— jft-108, dM/ MOAb 546 

C,',.10~8, MOAb/dM 0,366-10- 


0,052 ! 0.09 

0,16 0.31 

54.6 5.46 

2,457 0,546 

6,1-10-5 0.001 

0,058 0,014 


o7ezKo cyzAUHucTbiu cseTAbiu cepoae.u, .XAonKoeoe no je 
e coe.xo3e «n axTa-Apa.\» [5] 


«, kz/kz 
•108, dM/MOAb 


rr^ n^i^eeuTO-cyzAUHucTozo cepoaeMQ 

CO CToponauiKu ^-nod xAonKo. KoAxoa um. AxyH-Ba6aeea 
AnduMCHCKOzo paaoHo [S] 


1 0,098 

0,188 

0,32 

0,38 

1 54,6 

5,46 

0,546 

0,055 

13.3-10-5 

1 

0,002 

0,019' 1 

0,085 

1 


0,136 0,229 

—ft -108, dM /MOAb 546 54,6 5,46 

^ 0-8 , MOAb/dM 1,32-1 0-5 1 7,3 - 1 0—5 0 ,002 


0,34 0,431 0 46‘> 
0,o46 0,055 0’022 
0,021 0.117 0,’734 


— nuHBa, zopuaoHT 4 0 0 94 

EpmoacKOA orwiTHO-.MeAuopaTueHaa CTaHyuV BH3X 
CaparoecKOu oSaoctu [ 5 ] 


U, KZ/KZ 
t-108, dM/MOAb 
■ 1 0—8 , MOAb idM 


0,117 

1 0.184 

1 0,267 

1 0.396 

0 , 5o6 j 

546 j 

• 54,6 i 

5,46 

1 0,546 

0,055 

1.36-1 0—5 

jl2.9. lO-sj 

1 0,002 

0,029 

' 0,364 


zopuaoHT C, 3A-3,6 m. "crlnb t^rT^ifap^l^enHOM^ye^^^^ 
crennoM aanoeednuKe oko.xo a /O/ftiCKa [8] 


Ii, kz/kz 0,05 I 0 085 

— ft -108, dM/MOAb 546 54 [6 

^m’^0— 8, .MOAb/dM 0,572- lo— 2 |10.2- 10- 


0,146 0,25 0,324 0,368 0,384 
5,46 2,4o6 0,546 0,055 0 022 
0,002 0,050 0,0168 0 071 0 398 


CuAbHo nodaoAucTaa nonea, zopuaonr At—A--> not n oo . 

XoAu,esu/u — «■ 


u, kz/kz 
.U-108, dM/MO.Xb 
,10—8, .MOAb/dM 


0,078 

0,152 

0,27 

54,6 

5,46 

2,456 

8,53.10-5 

0,003j 

0,053 
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Ti/ui 


MU e.JUHucThiu .iypHOseM, C 0 PU 30 HT A, .\ip 6 uHa 0 — 0,22 . 

KaMeHHo-CTenHQM oumthos ctohuuh '[<§] 


, He.mHHQs CTeiib. 


d.-Hc 

■ 10~8. .1(0.1 


0,198 

1 .y- 

283 ! 

0.362 

0,486 

0 . 586 

546 


-6 1 

5 . 46 

0,546 

0 , 055 

2,45. 10- 

-|l4.1 

. io--i 

0.002 

0.027 

0.191 


0,640 

0.022 

1,52 


Kpa> 


(iToroeo ioaiOM AdmiijTpL-cm. CTaniiua MaxuHOxoiipu. 


nuxOTHMU C.lOU 6 0.18 .11 [S] 


i l0«. Om Mo.n 
■10-S. MO.lb 0.^ 


1 -'0' 

1 0.319 

0.398 

0.51 

1 0.67 

1 o46 

i 

' 5.46 

I t).546 

o!o55 

3.71 . 10--'| 

48, 3- 10-5 

0. 002 

0,029 j 

0.311 


0.774 

0,022 

3,12 


/pofrw«A-o«w;V, cTeneHb pasAOxenua 20" 
3 aAe^aHu.<i 0.3 0.55 Top(f)onpednpu.3Tue «Opiua-l» [//] 


. KAiKe I 

—•X- 10 ‘*. d.vc .n ub I 


5.0 

1,09 

0,71 


5.4 

0,812 

2.23 


6,0 

0.60 

3,36 


6.6 

0,382 

2.34 


7.06 
0,164 
1 .43 


r- HU3uHHbiu. CipacHOBbiu. CTeneHb pasAoxenua I'’",, 

^MfouHO 3 aAeeaHua 0 . 7 .^- 0.8 Tovd^onpcJnnuar^ ^n,L:' 


1 / . AV KV 

— .'•«-- 10 «, O.X MO. lb 

10 — « . .vo.ib d.x 

1 6.84 

1 1 . 079 

1 2.44 

■ 7.4 

0,867 

2,86 

i 7.88 
0.709 

3,3 

8.74 

0,491 

5.03 

Meduy.v-Top(jj 10- 
Topiponpednpu 

15" x,-Hou cTene/iu pa.iAOMeaua. 
aTue «HQ3iia». 1957 [11] 

AV 

—'X- 10«. d.X . 1 ( 0 .? 6 

lO-**. .1(0.7 6 d.x 

4,88 

0.,382 

. 2.95 i 

1 

5.06 

0..338 

0.302 j 

5.46 1 

5,54 
0,262 
9,65 j 

MeOuyM-Topiiy 10-15 ". ,,-hou cTenenu paa.ioxeHu^ 

I op(ponpeoapu.HTue «Tcc'3ao-l». 1958 e’. f//] 

'~\x ■ 1 O'"’ . dx. .i(o.? 6 | 

• 10r"<> , .1(0.76 '(?.V7'j 

4.0 1 

0,,322 I 

5.1 1 

0.'289 1 
6.43 j 

4,49 j 

0.251 i 

r,3o 1 

4,88 { 

0.207 I 

9,73 j 


vn 


9.4 

0.371 

5.87 


5,89 

0,229- 

16.9 


5,67 

0,152 


- OLOKoebiu. eutiHoebiii. crenenb paAAO.xenua 15" , 


^ 10 «. d.X.MOAb 
-lO-'i. .MOAbd.X 




i / . 3 

8.86 i 

i 0.518 

0.286 i 

1 1 

5.08 I 


9.38 

0.117 

2.89 


BsejieHHe fiohhtiih BcacbiBaiomefi cu.ibi nosBo.iHer Ko.Time- 
CTBeHHo ouemiBarb cy.M.Mapnx lo BenumiHv pas.nuMHbix ^op.\i 
CBH3H B.4arH C nOMBOH B COCTOHHHII B.iaB<HOCTHOrO paBHOBeCHH. 
0;iHaKO, no MneHiiio A. A. Po^e [14], «...coBeTCKO.Mv no4BOBe.ae- 
HHIO, onnpaioine.MycH na npiiHuunbi iota.ieKTHMecKoro .Marepiia- 
.iH3Ma. TaKan TeH.aeHUHB. ocHOBaHHan na yanoM npawTHUiiaMe 
II npoBoar.iauiaiomaB nenoanaBaeMOCTb Kan hcmto HenaoeTK- 
Hoe, — coBepmeHHo nya^jia. 

Mbi He .Moa<e.M OTKaaarbCB or noaHaHHn npnpojibi HB.ieHiiH 
•H Hx pacH.ieHeHHH H aa.MeHHTb ero npocTbi.M Ko.inqecTBeHiibi.M 
iia.MepeHHe.M iix pesy.ibTaTOB. nosTO.Mv onpe;ie*neHne cocvmen 
CHjibi no9Bbi Mbi pacc.MarpuBae.M Kan yjioSubiH ii no.iesubiH acno- 
.Morare.ibHbin npiieM, Koropbiii .Mo>KeT noMOHb b Tie.ie navHeHHn 
cymecTBa HB.ieHun noBeTiennH noHBeHHon B.iarn, ho ornioab He 
MOTKer ero 3aMeHHTb». 

MexaHH3.M nepeHoca nomomeHHoro BemecTBa b K03.ion.aHbix 
Kanim.jiapHonopHCTbix xenax cMOH<eH ii onpeAe^ineTcn cbop.Mon 
CBH 3 H ero c re.TOM cKenexa. oco 6 eHHocTHiMH crpvKTvpbF reia 
H repMOiiHHa.MimecKH.MH yc.ioBiiHMH Baaii.MojieflcrBHH rena 
c OKpy>KaiOLij,eH cpeiioH. 

B KanHannpHonopucTbix K 0 . 4 . 30 H 3 .Hbix re.iax H.Meer mccto He 
TaibKo .MO.ieKy.iHpHbift nepenoc (.HHcJicfiyaHH napa h tkhtikocth 
34 )(^y 3 HH napoBosjtyujHOH cMecu), ho h .MonHpHbifi (Kanna.iHpHoe 
jlBHTKeHHe >KH.aKocTH, 3 .BH>KeHHe B.xajKHoro Boajivxa no.n aefi- 
CTBHejM rpajiiieHTa o 6 mero iiaBneHun). 

B paSoTax [4, 15, 16] iiano oSTaHCHeHne .viexaHiiaMa nepenoca 
BemecTBa b Kanim.inpHonopHCTbix Ko.i.40Ha.Hbix Te.iax. flpe^acTaB- 
riHex HHxepec. o;iHaKo, npoaHa.xHanpoBaxb .\iexaHH 3 .M nepenoca 
pa3.XHqHbix (jjop.M CB513H B.iarn B .Maxepnajie c xohkh apenun xa- 
KOH iXBHJKymen cH.nu. iok rparpieux -XHMHHecKoro noxeHUHa.ia 
xiacconepeHoca. xan Kan b oome.M c.Tyqae c.ieiivex cHHxaxb tibh- 
>KymeH cimoH .Macconepenoca rpaaiieux XH.MnnecKoro noxen- 
UHajia. 

rio A. B. JlbiKOBy, npii Mo.TeKv.xBpHo.M nepenoce aemecxsa 
B BHAe napa (a/icopOuHOHHo CBnaanHan B.xara) b c.ivnae antb- 
q)\3HOHHoro nepeHoca JiBHTxymeH ch.ioh HB.nHexcn" rpaaneHx 
napmia.ibHoro iiaB.xeHiiH napa, a b c.iynae 3(j34)y3HOHHoro nepe- 
Hoca — rpa.HHeHT oxHomeHHn napuna.xbHoro .naeacHHa napa 
K KopHK) KBa.apax«OMy H3 aSco.xioxHOH xeMnepaxvpbi. Ecjih >Ke 
xe.MnepaxypHbie rpaAHCHXbi _HeBe.iHKH. xo b KanecxBe nepBoro 
npH0.JiHH<eHj[H Be,/iHqHHy y T mojkho npuHATb aa nocTOHHHVK), 
paBHyio ]/T„ Pile T, — cpe^HHH Te.Mnepaxvpa napa b aaHHOM 
ceneHim. B stom cjiynae ;iBHiKymeH cibxoft nepenoca HB,iHeTCH 
TaK^e rpaTineHT napmia^ibHoro .aaB,aeHHH napa 

.>00™ -^HMiinecKHft noxenunaTi nepenoca Maccbi 

CBasannoH BJiarn b rnrpocKonnHecKoft o6;iacTH 
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- var II yc.iOBiifi i = U(T), s = f.{T) 


Pu fi(". 7 '), a Ps ~ fii(T); — napunajibHoe jiaejiCHiie 
napa hba noBepxHocTbro MaxepHa^ia; — ^aBJieHHe nacwmeH- 

Horo napa; R — vniiBepcajibHaH rasoBan nocTOHnnan; « v;iejib- 

Hoe Maccoco^iepHvaHHe Marepna.ia. Tor^a npn vcjiobhhx T = 
= const, u = var 


J ‘’"’t ') 

du L 


Tax KaK npn 7 = const napmia.ibHoe ;iaB,ieHMe napa naji noBeox- 
HOCTfaK) Maxepnajia ojinoBHanno onpejie.nHexcH ero vjte.ibHbiM 
Maccoco/iep:a<aHHeM, xo b sxom c.iyqae mo>icho cnnxaxb, qxo hbh- 
avymefi chjioh Macconepenoca HB.naexcH rpajiHeux napnna.ibHoro 
AaB.xeHHH napa. 

A-an yc;iOBHfi T var, it = var 


V = RT 




dTIn^ 

^ 

dT 


n 3TOM c,nyqae, iok bhaho. ABH>KvmvK) cn.iv nepenoca Maccbi 
BemecxBa neoSxoAHMo paccqnxbiBaxb no rpaAnenxv xHMHqecKoro 
noxenunajia. 

rio [4], ecjiH xeAO KanHAJinpHonopncxoe n ABHavenne noxAO- 
mennoro Bcmecxsa nponcxoAHX b bhac jkhakocxh (KannAAapno- 
CBnaannaH BAara), xo ABHJKymefi cHAoii Macconepenoca aBAHexca 
rpaAnenx KanwAAnpHoro noxenmiaAa 2ua/r, r^e r — sibAeKXHB- 
HbiH paAHyc: r = f^{u). ToxAa npn 7= const, M=var n vcao- 
BHHx v=fi{T), a=f^(T), xAe v — vAeAbHbifi o6x>e.M hchakocth 
a 0 — K034)4AipHeHx noBepXHOcxHoro HaxHH<eHnH: 

„ 2d a dr 

v:x = —^vu. (12) 

1 13 [5] HSBCCXHO, qxo XHMuqecKHH noxenunaA KannAAspno- 
CBBsaHHofi BAani = i — Ts — 2vo/r, tac i — SHxaAfanHfl. a s — 
SHxponHH, paccMHxaHHbie na eAiiHunv Maccw. OxKVAa a^h cav- 
qan T = const i\ u = var 


r’- du ■ [dr dT 

PaseHcxBO [13] BBAHexcH BbipaA<eHneiM aah ABH>Kvmefi cinw 

"P" H«' 30 TepM„- 

« W] npeo6pa30BaHbi TaKHM oepasoM 
-Macconepenoca HBAnexcn rpaAnenx vAenb- 
H^BHa " "■’p™»^3b noTOKa B.aa™%ponoppHt 

maecTHn n.iOTHocrb noTOKa B.aarH, KaK 

HSBecxno, Moncex Sbixb noAcqnxana xoabko nnn 7= const it r 
ycAOBHHx nenpepbienoro noAn .MaccocoAep^Kanni 

>KaHn?\^^T 3 -r^ HaAHqnn nenpepbiBnoro noAn MaccocoAep- 
A<anHn nAoxnocxb noxona BAarn Mon<ex 6 bixb paccqnxana no 
ocnoBnoMv aaivony nepenoca, yqnxbiBaiomeMY naoxepMnqecKvio 
H xepMHqecKyio MacconpoBOAnocxb [ 17 ]: ' ^^oTep.MnqecM lo 

Yo Yo^V ( 14 ) 

XAC — K 094 )(J)HUHenx noxenmiaAonpoBOAnocxir o — xenwo 
rpaAnenxHbiH Koaijj^HnHenx. ^ Tepwo 

Ecah 5Ke conpHKacaioxcH Asa xeAa c pasAnqnbiMn vaexb- 
rpanime nx conpnKocnoBennn bo 3 - 
iHbaex nepenaA VAeAbnoro waccocoAepn^annH, xan qxo nepenoc 
BemecxBa qepe3 rpannny MO>Kex nponcxoAnxb n ox MenTmero 
VACAbnoro MaccocoAepnonna k 6oAbmeMv. B sxom cAynae itaot- 
HOCTB noTOKa BaarH caeayer pacCMHTBiBaTB no rpaaneHTy ™- 
qecKoro noxenunaA a Macconepenoca. ^ 

Ecah KannAAupnondpHcxoe xeAo oS.MennBaexcH MaccoH 
c o,yy>KaK>meu cpeAon (oxupbixan cncxeMa), npaueM npo^ecc 

^aroma^H^Lo'n^'^Ko P^^khmc, cJiopMyAa TXaAbxona BHpa- 

MaccoodMena, MO>Kex 6bixb nc- 
noAbsoBana. ZIah necxaunonapnoro >ue pen<HMa pacqex nAOxno- 
BemecxBa cAeAyex nponsBOAi^xb no rpaAnenxy xh™ 
qecKoro noxenunaAa Macconepenoca. ^ 

HsMenenne o6mero (6apoMexpHqecKoro) AaBAennn naovJKno- 
Bbisbmaex (])HAbxpauHK) ero uepea xoAiunny, nanpn- 
Mep, orpayKAaiomen KoncxpyKUHH. EcAn AaBAenne napyxcnoro 
BosAyxa GoAbuie AaBAennu BosAyxa b noMemenHH, xo (bXibxna- 
?pauHrB 03 A™r^ HanpaBAeno Bnyxpb noMemennn (KH(i)HSb- 
Aur^oxmv pIrI’ ecAH Hce AaBAenne Menbiue, xo BosAyx npoxo- 
® odpaxnoM nanpaBAenHH (3KC(|)HAbxpauHH) . 

K wn-rn HBAUeXCH XHUMUBblM MOAHpBblM ABHJKeHHeM 

K KoxopoMy npHMenHMbi Bce aanonoMepnocxH rnApoAnnaMHKn 
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noTOKa B nopiicTbi.x cpeitax. OocKO/ibKy cjyn.ibTpauiifi qepea orpa- 
/KiienHe MGaapubiM nepenocoM Maccbi B.ia>KHoro boi- 

ay-xa, TO Ko.iiiBecTBO napa, nepenocuMoro npn stom aBnaveniiii, 
^iamireabno 6o.ibme, qexi npii An(})(|)V 3 HOHHo.M nepenoce napa 
UAnaKo ec.Tii b npouecce cpHabTpaunii Baa>KHoro Bosjiyxa nepes 
To.Tm\ cxenbi lie nponcxojlHX KOM;iencamiH napa nan ncnapenne 
aviiaKocxn, xo yaeabnoe MaccocojiepHvaHHe cxenbi b aiooon xomkc 
ocxaexcn nensMenubiM. 3xo o6ycaoBaeHO nnqxoKHo MaabiM co- 
aep/baHiie.M napa b nopax ii Kannaanpax cxenbi no cpaBnenino 
c coaep>KaHneM a\na,Kocxn, n naMenenne KOHuenTpaunn napa b 
nopax n Kannaanpax cxenbi iie OKaBbisaex Baiinnun na ee vaeab- 
noe Maccocoaep/Kanne [16], 


.1 11 T E P A T 5.' P A 

9 r' ^ P o b. Kypc TepMoannaMHKii. ymieanm. 1956. 

“• p Ixupeeo. Kypc (jjasimecKon .xii.Miiii. Eoc.xnMHaaaT. 1955, 
ii 33 aT 1956 PpooT. Tep.MoaiiHaMUKa HeoopaTii.Mbi.x npoueccon. Eoctc- 

Te.\ii 3 i-iT ^954 ^iB.ieHiiq nepenoca b Kanii.ianpHonopiiCTbi.x Tc.ia.x. foi 

o. .1. M. HiiKiiTiina. Tao.biUbi K03(})c|jiimieHT0B Macconepcnoca Baa» 
r7exS;"Mn,;c'ri&"; *HayK 

HOM.M,. T. xx'a i’92r-I923:"'“""”“'‘" 

° Oiipe.ie.7t-nne .MaKcii.MaabHoii B.iarocMKOCTii bomb iin 
cpeacTBo.M uenTpiitJjynipoHaHiin h .xapaKTcpiicTiiKa .McxaHjmecKii.x cbouctb iioq 
r'niKciiMa.abHoii MoaeKyaspnon B.iaroe.MKocTii. noMBOBc.aeHiie 

8 . C. PE XI o .1 r o B. O .'laB.ieHnB.x, yaepyKiiBaroiuiix bo.iv b no^Be. XloK.ia 
Bhi'n 9 ceabCKoxoaBiTCTBeHHbix navK nxi. B. H. XleimH.! 

Hci.‘.neaoBaHiiB noaBii/bnocTii noHBenHon B.iarn ii ci 
aocrynHocTii aas pacTeHiiii. Haa. AH CCCP, 1948 

CCCP I 96 O Bo.iHoro pe>K!iMa bomb. Maa. AF 

iieccix^irS',,u„°x^ni aBiRKemiH Baani b' pasaimubix npo- 

ueccax iio6bmii Top(|)a na ocuoBe noTenmiaabHoii Teopiiii. ABTopecbepax jxnccep- 
Tciium. npe^CTaBJiennoii na coiicKamie ynenon ctenenn ^oKropa TexmmecKiix 
nayK. JIeHiiHrpa.4 — KaaiiHUji, 1962. ‘ 

12. ^). M. H B a H o B, H. M. Ke.i.iep. CopounoHHbie .laxmiKii .i.ia nenpe- 

13. H. M. Kcn.iep. MeTo.T.nKa nenpepbiBHoro 11 aiicTanmioHHoro unpeae- 

ncHiiB co3.t'p>KaHiiH HeaaMepaiuei'i Bo,ibi b rpvwTa.x. 3, A” 10 1960 

14. .A. .A. Poae. rioMBennaH B.riara. HsJi. .AH CCCP. 1952. 

IP \ D ^ 3- Teopiisi cyuiKii. rocsnepronBAar, 1950 

Muhck 196l' TeopeTimecKne ochobb! crponTe.ibHon Ten.io^jiiBiiKii. 

iiaaiV ^956' ^ ■' B npouecca.x cyniKii. Eocanepro- 


5. Al. CMO.rjbCKirn 

TEnJlO- H MACCOOBMEH OPM 9J1 EKTPOMAEHHTHOM 
METOflE nO;iBO;iA TERJIA MATEPHAJiy 

BsaifMOAencxBne nepeMenHoro Marmixuoro no.in c ^eppo.Mar- 
HUXHbiMn 3Ae.MeHxaMH H cjjeppOMarHHXHbix a.xeMenxoB c AUBneK- 
xpiiKaMH ncno.TbsyexcH ji.xn cvinKii 11 xep.MuqecKOH o6pa6oxKn 
pasAimubix -Maxepna.iOB. 

Zl.iH cosiiaHHH nepeiMCHHoro .MarnnxMoro no^nn npn.MennexcH 
xoK npoMbiiij.xeHHOH nacxoxbi 603 ABAbneniunx npeoSpaaoBannH 
n xpanctJjopMauHH. ■ noBbimenne xeMnepaxypni (|)eppoMarHnxHbix 
3.xeMeHxoB B c(|)epe nepe.Mennoro MarnnxHoro no.in nponcxoAUx 
Bc.ie;icxBHe nepe.MaxHHqHBaHHH h BHxpeBbix xokob. HcnoAbaosa- 
HHe 3.xeKxpoMarHHXHOH HHjtyKUHH no3BOAnex nepeiiaxb anepriiio 
SAeKxpoMaxHHXHoro nojin b narpeBae.MOe (Jjeppo.MaxHHxnoe xeao, 
ne npnfieraH k KonxaKxaM. 

CyuiHOcxb saeKxpo.MarHHXHoro cnocooa xepMuqecKon oopa- 
60XKH Maxepna.ioB saK.iioqaexcH b c.TCAyiomeM. MaxepHaA hah 
nsAeAne, npeimaananeHUbie aab cyuikii hah xep.MimecKon o6pa- 
OOXKH, COBMeCXHO c ^eppo.MarnHXHbi.xiH xenAOBbiAeAHiomHMH 3Ae- 
.MenxaMH no.Memaiox b noAe aAeKxpo.MarnnxHOH oSmoxkh, nHxae- 
.MOii nepexieHHbiM xokom npoxibiuiAenHon qacxoxbi (puc. i). 

OeppoMaxHHXHbie SAexieHXbi (hmh Moryx CAy>KHXb o6pa6a- 
xbiBaeMbin .MaxepnaA nAk ero sAeMenxbi), ovavmh noiiBepHcenbi 
B03.aeHcxBHio nepeMeHHOxo sAeKxpoMarHHxnoro noAH, narpe- 
BaioxcH H nepe^aiox xenAO .MaxepHaAv hah nsAeAHio nyxe.M 
XenAOnpOBOAHOCTH, KOHBeKUHH H paAHaUHH. - B SaBHCHMOCXH ox 
xexHOAorHqecKoii cxeMbi pacnoAoa<eHHfl (JjeppoMaxHHXHbix SAe- 
MenxoB (b o6-beMe, cAoe, uixafieAe, xiaccHBe) nepe^ana xenAa 
MaxepHaAv hah HSAeAHHM .Aio>Kex ocymecxBAHXbCH Aio6biM ueAe- 
coo6pa3HbiM cnocoSoM. flpn axo.xi Bbi6op cnoco6a noABOAa xenAa 
B H3BecxHOH Mepe onpeaeAHexcH cBoncxsaMH MaxepnaAa hah 
HajieAHH. 

npeACXaBAneXCH B03.M0>KHb!M C03AaBaXb HeOOXOAH.Mbie yCAO- 
BHH xenAOoSMena .Meacay .MaxepHaAo.M h 4*eppOMarHHXHbi.MH 
aAe.MenxaMH h xenAO- h MaccooS.Mena c OKpyacaiomeH cpe^on. 
3 xot npouecc actko ynpaBAnexcn. 

Opoueccbi, npoHcxoAHLUHe npn cyujKe MaxepiiaAOB SAeKxpo- 
xiarHHXHbiM cnocoooM noABOAa xenAa, noKa>KeM na npn- 
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^pesecHHu XBoimbix nopoii (e.ib cocHa 
Ten.,o„o;.Boia aB,aaeTca 



‘Pile. 1. ycTaHOBKa aan cyujKn MarepHa-noB ajieKrpoMarHHTHbiM 
1 oG-MOTKa. 2 — KapKac; 3 — t])cppoMnr(iHTHi,ic sncMCHTi.! 


cnocoooM: 



noBepxHocTH VMeHbmaeTCR Ha 3—4 ° (dhc 2) 
Cloe MaTemTia" a’n''™ "Ponecca cvuikh B.iarocoaepiLHe b 

nnr, npouecca noKaabmaiOT. hto na npoTHTKeHHH 

npHMepHO 3/, epeMeHB npouecca paaHocTB BnarocTepKa;:™ 


-MOKjiy KOHTaKTHbi.M c.ioe.M, cepeiiHHOH H c.ioe.M, npH.ieratomiiM 
K OTKpbiTOH noBepxHocTH MaTepHa.na, He npeBbimaer 4 — 6 %jM 
B KOHeHHbiH nepHO^l cvlukh pasHOCTb BciarocoTtepHOHiin no 
mimHHe MaxepHa.ia ne npeBbimaex 1,5— 2,5 %Am (phc. 3). 

pa^HeHXbi xeMnepaxyp no c,non.M MaxepHa.na iiMeiox aHa.xonm- 
KbiH xapaKxep n ne npeBbiuiaiox b Hana.ibHbiH nepHojt 4 — 6°, a Ha 



Phc. 3. MaxieHeHiiH re.MnepaTyphi cvmii.TbHoro 
areHxa 

P — Ten.loBhiT.e.T«iomH.\ i<.ie.MeHTOB; 2 — iiobl’P-XHo- 
cni .ipoBecHHbi, npH.Teraiouiofi k ,(iJeppoM;irHHTHoM v 
s.iexjeHTv: 3 — CBoGoaiioii iiobcpxhocth aiiesecHH-.r 
4 — aroHTa cviukh b Ka.Mopc) 

H BJiaroco/tepacaHHH ApeBecHHbi: 

C]5CJ11IHX C.IOOB .ipL'BeCHHIji; 6 C.TOH .^POBCCII- 

Hw, iipii.ieraiomeii k (jieppo.MarHuTHbiM s.ie.MCHTaM; 
^ C.IOH .ll>l'BecilHbI CBoGoaUbl.X nOBCpxHOCTefi ) 


npoxH>KeHHH Bpe.MeHH npouecca ne 6ojiee 2 — 3° Opouecc 
cyuiKH He BbiBbiBaex oo^nbuinx xpajiiieuxoB aaBJieHHH h c.iejio- 
Baxe.ibHo, onacHbix uecJiopMauHH BHyxpn .MaxepHa,xa. noaxoMy 

aance Maxepuajibi 3HanHxe,ribHOH xojiuiHHbi (cocua 60 — 80 100— 

120 mm) b npouecce cyuiKH ne ncnbixbmaiox 6o,xbmHx uanpunce- 

HHH H iiecpOpMaUHH H BblCViUHBaiOXCH 063 KOpo6.7ieHHH H OOpasO- 
BaHHH HapyvKHblX H BHyxpeHHH.x xpeuiHH. 

Pesy.xbxaxbi SKcnepnMeHxajibHbix Hcc.ieuoBaHHfi .naiox ocho- 
BaHHe npeiino,iaraxb, nxo Ha npouecc xen,no- h Maccoo6MeHa 
B MaxepHa,ie bo BpexiH oSesBO/KHBaHHs MOHxex OKaabmaxb b^ihh- 
HHe H nepexieHnoe ScneKxpo.MaxHiixHoe no,xe. Mo>kho BbicKaaaxb 
cjieuyiomee npea,no,io>KeHHe o npHUHHe axoro b,thhhhh. 
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B npouecce 4)H.ibTpauHOHHoro ;iBii>KeHnyi >kh/ikocth no Ka- 
riH.i.THpaM Te.-ia .Mo.ieKy.ibi ^xHukocth opneHTupvioTCH non neii- 
CTBHeM sneKTpuMecKHx CH.I OKenexa KanunnapHonopncroro xena. 
1 aKan opnenxamin MoneKvn motkox noBbicnxb bhskocxb Bnarn mxo 
saiMen-^Hex ee nponBHTKeHne. OnaaKo non neficxBne.M Bneinnero 
nepe.MeHHoro BneKxpoMarnnxHoro nona opueHxauna Monenvi 
MO>Kex HapyiuaxbCH, nxo Benex k ocnaonenmo cnn cBaan Mone- 
Kyn Bnarii n yMenbuienuto ee bhbkocxh. C YMenbiuenneM bbb- 
Kocxn Bnarn noxepn naBnenna npn ee nBHTKeHnn v.MeHbiuaKixcH. 
KpoMe xoro, bo3mo>kho n nepepacnpenenenne Bnarn b Maxepna- 
ne, Bbi3BaHHoe nponiiKaiomHM b nero napoM (Becb npouecc 
cyujKii nnex b cpene neperpexoro napa). Zina nonnoro oe-bacne- 
nna npnmin nnxencntJuiKamin npouecca o6e3BO>t<itBanna npn 
sneKxpoMarnnxHo.M nonBone xenna Bna>KnoM\' Maxepnany neoo- 
xoniiMO npoBecxii cnemianbiibie nccnenoBainia. HaMn BbicKa 3 a- 
ubi xonbKo paSoMiie mnoxesbi, nxo Mo>Kex nocnv/Kiixb npenMexoM 
niiCKyccnn. 

ripn KOHxaKxno-KOHBeKXMBHO.M nonBone xenna Maxepnanv 
(jjeppoMarHHxubie 3ne.Menxbi nepenaiox xenno nenocpencxBenno 
BcnencxBiie KonxaKxa, nyxe.M KonBeKmin, a xaK/Ke n nynencnycKa- 
Hiie.yi. noxoKii Bnarn n xenna b 6onbuien cxenenn coBnanaiox 
II nencxBviox b cxopony napyn<Hbix noBepxHocxefi. 

rioxoKH xenna q n Bnarn i Bbipa>Kaioxca ypaBHenHaMii 

^ Yn V » - A'hc Yo { 1 ) 

q = KS;i-~ + (2) 


FpanHenxbi Vii ii V ^ naminaiox npoasnarbca npn ca.Mbix 
Manbix xe.Mnepaxypax areiixa cyuiKH. PpanHeux >Ke vAiiaqunaex 
sa.MexHo CKasbiBaxbca npn xe.Mnepaxypax Maxepiiana 373° K 
II Bbime. Ha npouecc xenno- n Maccooo.Mena b nannoM cnynae 
Bnnaiox xe.Mnepaxypa cbeppoMarniixiibix aneMenxoB, cocxoanne 
BbicymiiBaeMoro Maxepiiana. a xaioxe cocxas OKpva<aioineH Maxe- 
piian naporaaoBofi cpenw. 

Ecnn -Maxepnan ne>KHx na cjjeppo.ManiHXHbix ane.Menxax, xo 
ocHOBHoe KonnqecxBO xenna, Heo6xoniiMoro n^a o6e3BO>ivHBaHHa 
iinii xepMHqecKoii o6pa6oxKn, nocxvnaex b Maxepnan BcnencxBiie 
xennonpoBonnocxn. 

npn xeMnepaxype Bna>KHoro Maxepnana Bbiuie 373° 1\ Miirpa- 
iiiiH Bnarn b xene npoiicxoniix ne xonbKO 3a cqex rpanneiixoB 
KOHuenxpamin, no n 3a cqex paxHOcxn o6uihx naBnennH, Koxopbie 
BonniiKaiox BcnencxBne npouecca BbinapiiBanna. OunoBpeMeHno 
nponcxojiHx nea B3anMOCBH3anHbix npouecca: xennoooMen npn 
UBU/Kenun xenna Buyxpb BbicymnsaeMoro Maxepiiana n ncnape- 
niie Bnarn n .MurpauHa ee b Bune tkhukocxii n napa, conpoBO>K- 
uaiomiieca accuMnnauiien xenna (|Da30BOro npeBpameiiiia. 
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06pa30BaHne BOiiaHoro napa Bnyxpn .Maxepnana sejiex k no- 
, aBneniiio oqaroB c noBbiuieuHbiM odiunM uaBnenneM n oxciojia 

aononniixenbUbix rpan,HeHxoB jiaBneuna. Bpe.Ma nx penaKcauini 
nia-sa anaqnxenbHoro conpoxHB.neHna Kannn.napoB xeaa xanoe >Ke. 
KaK H BpeMa cvujkh. Monapubiii nepeuoc semecxBa (napa n aenn- 
* Kocxii). Bbi3BaHHbin paanocxbio oSiunx .aaBnennii, anaunxenbiio 

nHxencncJ)Hunpyex npouecc oSeBBoaenBauiia Maxepnana. Opn ne- 
Koxopbix ycnoBHax nepenaKcnpoBaHHbin rpannenx nadbixonnoro 
naBnenna MO>Kex BoannKaxb b cnoe, nenocpeucxBeHHO npnneraio- 
LueM K xennoox/taiomen noBepxHocxn npn ero xeMnepaxype 
Menbine 373° K- 

HecMOxpa na pesKoe Boapaoxanne xeMnepaxypbi cnoa Maxe- 
^ pnana B nepBOM nepnoue cymKH (puc. 3), sneKxpoMarHuxHbiii 

cnocoo noiiBona xenna noasonaex b xo >Ke BpeMa neruo nony- 
qnxb nocxoaHHbiii noxoK xenna k Maxepnany ox (jDeppoMarnnxHbix 
aneMenxoB. 

On.HOBpe.MeH HO c HarpeBaniieM .Maxepnana npoiicxonnx n ero 
o6e3Boa<HBaHHe. OepeHoc Bnarn nponcxonnx no Bcemy o6x.eMy 
Maxepnana yaee b nepBbin mo.mohx HarpeBanna. B saBHCHMOCxn 
ox BennqHHbi Kpnxepna OeuopoBa (nnn KpnxepneB Ko, Pn, t) 
II Kpnxepna Lu npouecc MacconepeHoca Moneex iiMexb paaniiqHbin 
xapaKxep. Bbicxpufi pocx xeMnepaxypbi b cnoe Maxepnana, npn- 
neraiomero k (jjeppoMarnnxHbiM sneMenxaM, npHBonuT k noxanb- 
* HOMy Hcnapennio snarn; HHxencnBHOcxb axoro npouecca yMCHb- 

uiaexca c yBennuenneM paccxoanna ox noBepxHocxn ({leppo- 
Marniixiibix sneMeuxoB. OepeHoc Bnarn no HanpaBnennio noxona 
; xenna MHxeHCHtJjHunpy-ex npouecc o6e3BO>KnBaHna .Maxepnana. 

! Hpii Manbix aHanennax Kpnxepna Lu b Maxepnane bo Bpe.Ma 

' ero cyiUKH xepMnqecKHM nyxen xe.Mn naMeneHiia nona noxen- 

Liiiana nepenoca xenna anaqnxenbuo- HHxeiicnBHee nsMeHenna 
> nona noxenunana nepenoca Maccbi. flpn Lu=l uaMeHenne nonefi 

noxenunanoB nponcxonn-f ouHOBpeMeHHO. Ecnn Lu > 1, Ha.Mene- 
Kne nona noxenunanoB nepenoca BemecxBa onepe>Kaex paaBnxne 
nona xeMnepaxypbi. 

Pe3ynbxaxbi sKcnepHMeuxanbHoro nccnenoBaHua xenno- n 
.Maccoo6MeHa b npouecce cyiiiKii npeBecHHbi XBonubix nopon npn 
aneKxpoMaxHHXHOM cnoco6e nonsona xenna npencxaBneubi b snue 
KpiixepnanbHoro ypaBHenna: 

0 = ^Fo'” Lu"(Bi,„/Pn)*. ' (3) 

Ha ocHOBaHHH (3) nonyueno ypaeneHne n^a Bennunubi ox- 
HOCiixenbHoro BnaroconepHtanna 

' « = 0,462 Lu"*’®-. (4) 

ypaBHenne (4) xopomo cornacyexca c peaynbxaxaMU sKcnepn- 
MenxanbHbix nccnenoBaHnn, BbinonHeHHbix b nponsBoncxBeHHbix 

45 



Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


ycnoBiiHx. nojibsyHCb ypasHeHiieM (4), no.ivmiM BbiDa>KPHHP 
pacwera a.iiiTe.ibHocTH npouecca cyujKH BbipavKeHne 

0,462a''-"® a,®’®" ‘ 

Bbipa>KeHHe (5) nosBo.iHer c /jocraToqHon xoBHocTbio BbinoxHfiTB 
HHWveHepHbie pacMerbi npn npoeKTHpoBaHHH 3.TCKTpoMarHHTHbrx 
vcraHoBOK a-iH pe*Kx,0B c>Z„ 

CHHbi XBOHHbix nopo/i; ypaBHCHHe xen.xoBoro Sajianca npouecca 
ooe3Bo>KHBaHHa MOKex 6b.xb upeitcxaBvxeHo b npH6..HSXoM 


^ ^ KpaxKOM BHue pacMex npBMO\TO,xbHoro cojie- 

Hon^a 3.ieKxpoMarHHXHOH cyiUH^ibHon ycxanoBKH noTivnenna 
xapaKxepHcxHKH s.ieKxpoMaxHuxHoro no.ia n xen^ioBbinexeHnn 
(jjeppoMaxHHXHbix 3.iieMeHxoB. it;naoBbi;ie,neHHH 

noxoK aKXHBHOH 3HeprHH saeKxpoMaxHHXHoro no,XH neoes 
noBepxHocxb (|)eppoMarHHXHoro xe,Ta onpejte.iHexca; ^ 

^0a^l0~^ Ho i 9\^rf 

H.iH npn nacxoxe / = 50 an 

Qoa ^ 7,07 • 10~-^ y'^PV^rHo- (7^ 

OxHocHxeabnaH MarHiixHan nponuuaeMocxb b npejiexax 
xe.Mnepaxyp ne Bbime xoukh Kiopn (1003— 1043° K u.xh oasnbrx 
copxoB cxann) npHHHxiaexcn nocxoBHHon. ^ 

y;ie,xbHoe 3,ieivxpHqecKoe conpoxHBJienne r> 3.ieMeHxa aaBHcnx 
xvDbi°^nL'''no^“ ” npHHHMaexcn nnueftHOH (t)yHKUHeH xeMuepa- 
T>pbi. npn TionymeHHHx nocxoHncxBa n .iHueftnoro xapau- 
Tepa HSMeHenHap. xen.xoBbie Bbijie.ieHHH Bnepruu no.xn b cbeppo- 
" ocHOBHOM 6y;iyx onpe;ie.XHXbCH fa^n- 
vivenHOCTbio MaxHHXHoro nojiH Hq. Bv^texi npeueSperaxb xaKn<p 

xaK^faK ^^o^OHa co^e! 

OH^a Ha HecKojibKo nopauKOB 6o.abuie unaMexpa npoBo^ia. 

BHyxpH co.ieHOHjia CK.iaubiBaexca H3 cvMMbi 
o,xeH, coajiaBaeMbix 4 n.iocKiiMH noBepxHocxHbi.Mii xoKaMn: 

H = Hi + H, H3 -f H4. 

® ilHCKpeXHblX npOBO/lHHKaX 06.MOXKH HCKOXO- 

p^OH paBHouenHOH n.xoxHocxbK) noBepxnocxHoro xoKa /. Tor^a 


HanpHyKeHHocxb MarHHXHoro no.xa b .Ttodon xom-ce npocxpaHCXBa 
MO7KH0 onpeiie.iiixb na ocHOBaHiiii o6o6meHHoro aaKona Bno — 
Casapa — xHan.xaca 


4ir J 

Ha reoMexpHHecKHx npejicxaB.ieHUH 

dS = dxdy 

[fM = 1 • 1 -sin a = - ^ ^ ~ — 

V zi -f (a- — A'o)=-r (1/ — //o)- I 

R = \ Zo 4- (-V — A'o)- + ( f/ — l/o)- I 

no;icxaBJiHH (9) b (8), nonynaeM 

h 

^ f 4 — (i/ — i/o)- dy y_ 


y [^0 -f (i/ — (a- — a'o)2J V zly-{y ~ y^f + (x — a'„)- 

riocjie npeoSpasoBaHHH no,/iyHHM 


Hi --=—j — (a — A'o) X 


xi zo -h(y~ yo)- V zo 4- ([/ ~ ijof + (a — a'o) 


4" J V zi + {ij — yof V 4 + (^ _ y^f _L 4 ■ 

a.x.iHnxHqecKHe HHxerpajibi (11) ^pHB07^axc5 ^ k KaHOHHue- 
CKOMy BHiiy. saMenoft nepeMCHHux 

~ ~o5 ?■ = — A'o)-; Y" = 2:0 -f A'o; v = y — y^ 

H noTtcxaHOBKOft p = atgz‘. 

B peBVJibxaxe UMeeM 




Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


(1-^)]}. (12, 

CocxaB^iaiomiie nanpHiKennocTH no ochm (a-, i/, z) b- iiooon 
TOMKe BHyxpn co.ieHon;ia no^tcnuxbiBaioxcfl KaK cVMMa 4 Bupa- 
xHna (12). Koxopbie H3-3a rpoM03;iKocxii ne npifBo^inxcH 
Ha npOAO.ibHofi ocii co.ieHotfAa (a/2, b/2, 0-4/) Bbipa>KeHifa na- 
npaaveHHOcxH MarnHXHoro no.ia ynpomaioxca n 3 - 3 a oxcyxcxBiiH 
HopMajibHofi cocxaB.-iHiomeH .Marnuxnoro nojia: 




• 

r //d 

4 




. 2 

4 4"^ 


I ^ - -TjT ^ 

Hjih n.iocKoro BbixanyToro co.;ieHOHAa, y Koxoporo b a 
MoacHo npeHeOpenb BK.ia^OM cocxaB.xaiomnx iianpa>KeHHOcxii 
MaxHHXHoro no.ia ox KopoxKtix cxopOH. Toriia 


~ — f" (7 — i/o)' 
4 


Te7^Ha’nn.f,!F'F,‘I''°'‘ ''^'’"•■'■■'''pnonopiicrbix K0,1.10iuribix 

oranR^Ki.T JpeBecHHbi xBOHHbix nopoa) noKasbiBaer. hto 

ocHOBHbiMH xapaKxepncxHKaMH npouecca hb.ibioxch: xe\tnepa- 
xypa, cvMMapHbin noxoK xen.ia, pacno.iOTKeHiie h Macca xenio- 
Bbi7te.iHiomHx (})eppoMarHHXHbix a.ieMenxoB. a xaiOKe nana- 
Mexpbi OKpyjKatomero B03.ayxa. ^ 

CymecxBeHHOH ii.iiH npouecca o6e3Bo>biiBanHB HB.THexcH 
Taiobe H xapaKxepncxHKa BbicyuiHBaeMoro Maxepna.ia — ero reo- 

S=„rp"'"'’“- --roco4>KaHHe, 

TeMnepaxypHbie xpuBbie n xpuBbie KunexHivU npouecca cvlukh 
"" yBe.xHBeHHe.M xeMnepaxypbi cl)eppoMarnHx- 
hbix 3.xeMeHX0B u^iHxe.xbHocxb cyuiKH pe3Ko coKpaiuaexcH Tax 
npn xeMuepaxype (JjeppoMarHuxHbix sjieMenxoB 363° K cocuoBbie 
UOCKH xo.imHHOn oO MM c Hana.ibHbiM B,iarocouep>KaHHeM 60% 
Ebicbixaiox uo KOneMHoro B.aarocouepTKauHn 12o/o sa 60 nac a npu 
xexmepaxype 408=IC — 3 a 42 uac. ’ 

Ha npouecc cyujKii n ero npouo.n>KHxe.ibHocxb 3Haqnxe.ib- 
pacno^noTKenne (|jeppoManniXHbix a.ie- 
AienxoB B uixa6e.xe n.nn c.ioe Aiaxepiia.xa u ux djopMa. 3 xhm oov- 
cnoco6 xen.nonouBoua k MaxepHa.nv u yaioBiiq 
npouecca xen.no- ii MaccooSMena Me>{<.ny Maxepiia.noM ii xen.io- 
Bfaiue.nBioLUHMH (l)eppoMarHHXHbiMH 3.neMeHxa.MH, a xaioue OKpv- 
nvarotueii cpeuofi. 

HanSojiee onxnMa.xbUbiMH napaMexpa.MH arenxa cvujkh 
ro2x770-8«ri^^''^'P^ 353-363° K u oxHocuxe.xbHan B:na>.<- 

=ocxb /U 88 /o. Hpn 3XHX yc.iOBHBx rpaBHxauHOHHbie cu.ibi b cv- 
Bno.7iHe oSecneuHBaiox xopomee CAibiBaHue 
BbicyiBHBae.Moro Maxepua.xa u b HCKvccxBeuHon 
UUpKy.lHUHH Hex Hailo6HOCXH. 

peay.Tibxaxbi sKcnepHMenxa.xbHbix ncc.neuoBa- 
cyiuKH Kanuji.XHpHonopHcxbix Ko.x.noHUHbix 
le.n npH paajiUHHbix pe>KHMax cyuiKH uxieiox o6tUHH Biin. FIph 
3XO.M Ha KpiiBbix CMemajiHCb KpuxuqecKHe xohkh. 

^ oueuKH KaqecxBa Aiaxepuajia, BbicyuiHBaeMoro npu paa- 
Huu peuvHAiax (xa6.x. 1), obijiu npoBeuenw cxpyKxypno-Mexa- 
miqecKHe HcnbixanHH no oSiuenpuHnxoH MexouuKe. OOpaSoxKa 
OnbIXOB npOH3BOUH,XaCb MexOUOM BapnaUHOHHOH 

iHquT™ ^ BbiquaneHueM Heo6xoiiHMbix cxaxucxnqecKiix se- 

HcnbixaHHH.MH npeuycMaxpHBa.xocb onpeue.ieHHe 06-beMHoro 
Beca; npeuejia npoqnocxH npn oKaxun bojiokoh, vue.xbHOU pa6o- 

Baoi^^^RoforoH^'I ” npeue.na npoquocxn npn CKa.xbiBaHim 

Buo.xb BO^IOKOH (no pauHa.ibHOH n.iocKocxH). Peav.xbxaxbi ncnbi- 

xaHHH npHBeueHbi B xao.i. 2. 

CxpyKxypHO-MexaHHnecKHe cBoftcxBa upeBeciiHbi (cocHbi). 
bbhxoh u.iB onbixoB, H.Meiox noKa3axe.xn, o.xnaKne k Hop.MaxHB- 
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T a 6 n u a 1 

OnTHMajibHwe pewHMW cyuiKH ape cckhw xbomhwx nopoa 
nOH ajICKTHOMaruu-runu ^ 


Pe>KH; 

M 2 .ajiB 

nii.Tio.Ma Tepjia.ioE 



i 50— S(l .MM 

H 0 

%.v. 

'OE- 1 .W. 0, 


-K 

"K =K 

60 II Bbime 

373 

358 3 88 

50—40 

' 373 

358 3 88 

40—30 

38S 

360 4 85 

30—25 

393 

363 4 85 

25—20 

398 

365 9 89 

20—15 

403 

368 9 71 

j 15—10 

I 

408 

370 10 69 j 


Pesyjibxaxbi cxpyKxypHO-MexaHHMCCKHx HcnuxaHHM jipeBecHHb 


j MsMeHeHiie 

1 

CBoficTB 4peBCClJ 
C KOHTpo.“bHbI.\!II 

oGpaaua 


paBHC...... 



snH ; 

lOCOK TO.- 

lIUIlHOfj, 



1 B cpe^HCM 

60 

j 40 

I 

30 

c yqeToM mic-ia 

1 Haojiio^emiii 

pe>KiiMoB j 

1 ’ 

1 2 1 , 

1 

1 ' 

1 

j I 

1 

— 1,78 

-fO.8 

— 1,8 

— 1.81 

1 0,0 

P-1 

1 2,0 

0.0 

0,0 

0.8 , 

—6,3 

—6,8 


--4,1 I 

—2,6 

—4,3 

— 10,1 

—6,3 

— 5. 1 

-j-5,5 

0,0 

0,0 

—6.3 

0,0 

— 8.0 1 

—8.4 

— 1.0 

—2,3 

— 8,6 

— 5,0 1 

—6.6 

—6.2 


OobeMHbiii Bee . . ^1,78-1-0.8 -1.8 -1.81 0 0 0 1 9 0 on 

CHcaxiie Bjo.xb bo- ’ ' 

.XOKOH ..... 0.0 0.8 -6.3 -6.8 -4 5 -4 1 _9 6 4 3 

^AeribHaa paooxa ’ —1.3 

npii NMapHOM II3- 

^ — 10,1—6,3 — 5.1 -j-5,5 0 0 0 0 6 3 0 0 

CKa.ibiBamie Bjo.xb 

_ bo.xokqm .... -8.0 -8.4 -1.0 -9,3 -8.6 -5.0 -6.6 -6,2 
™BHHx''”eonMnr"^' OTK.xoBeHne ox HopMa- 

noiyqeHHan TomiocTb pesy.ibraTOB naxoiiHTCH b npejie.iax 
RPHutf ToqHOCTH, npHHBTOH npiT Hcane^o- 

BaHHH CTpVKTypHO-MexaHHqeCKHX CBOHCTB TipeBecHHbi. B CpeAHCAI 
J 1 . 1 H MaTepHa.? 10 B paSJIHMHOH TOJimHHbl CHHTKeHHe CTpyKTVPHO- 
MexaHHqecKHx cbohctb He npeBbimaer 6 - 7 %, hto BnonL ionv- 
CTHMo aajKe npHMeHHTe,ibHo k upeBecHHe Bbicuiero KaqecTBa. ' 
B.naroco.ae_pH<aHHe BbicymeHHOM .upeBecHHbi 
( 6 . 3 . 1 ) oT.iHqaeTCH Ha 1 . 5 — 3 %. OTK.iOHeHne se.iHqHHbi B.iaro- 


cyia^reTaa^^S^aH” noS3a?<.““““ ” '-'"ocoeoB 

cnoco6oM, BbicoKoxeMnepaxvp- ^^^eKxpoMa^HlixHbIM 

hom cyiuKH II cyuiKH B cpejie r _ . 

Pesy.Tbxaxbi Hcc.iejioBaHHi'f, 
a xaKH<e o6o6meHHbie .mhofo-' ~ — * 

qHcjieHHbie ;iaHHbie no cviUKe ®''» 

:ipeBecHHbi b npo.Mbim.ieHHbix 

s.ieKxpoMaxHHXHbix KaMepax no- 

KasbiBaiox, qxo pacxoii sjieKxpo- ‘ « ' 

^HepXHH Ha HcnapeHiie 1 k 2 B.ia- ^ ^ — *- 

XH II3 Maxepnajia He npeBbiuiaex o , 

i, 25— 1,4 KeTjHac. B npoH 3 Bon- /o 2 __ 

cxBeHHbLx ycvioBHHx npii cyiiiKe ^ ° 

3X0X0 2Ke -Maxepnajia b kokbok- nc ‘ I 

xHBHbix napoBbix cyniKjibHbix M • I !_ ' H 

KaMepax pacxoji xenjia Ha Hcna- „ ° / 

peHiie 1 K 2 BJiaxH b cpeaneM co- ^ fO t5 V "h — 

cxaB.75iex 1,6—3 KerjHac. SaMex- p„^ 4 r ^ 

pacxojla 3HepxHH apeBectiHe'^TSMe mxa6e.XH 
ponecc cyuiKH npii sjieKxpo- noc.ie cviukii- 

•MaXHHXHOM CnOC 06 e npOIICXO^HX ’ - no k.mo,,,,, ( 21 - V .BO 

3a cqex yMeiibuieHiiH o6uiexo nac- St ® ^ - b kohuo),- 

-xoTia xenTia H3-3a coKpame^in 

"?p™.“30™ « .3-™ °-epe«B o6.HCHaercH 

4H^acB HaMrnvreM cpaB„epr/''rr™'' "P<>H3L- 

pa32iHqHbiM cnocoe^M . PacqexHbix aaxpax no xpexi 

THBHblX KaMepax II B BbICOKo?nv^°^^^^“"™°‘'^^^’ ^ KOHBeK- 
xpexbiM napoM. B cyMMy Kannxa ^ "^P^* 

pacxo^IOB 6bIJIH BKJiroqeHii B KaqecxRP ^ e>Kexo4Hbix 

aaxpaxbi na coopyHcenne n cocxasjiHiomHx He xo.nbKo 

H aaxpaxfai, CBnaaHHbie c nnow ‘ yexanoBKH, ho xaKJKe 

BH210B noxpe6^eMol sHeoxHr ” TpancnopxoM Bcex 

H riaoea,., 
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T a o .7 II u a 3 

TexHHHecKHe noKasaxe^H pas.iHHHbix weroyiOB cyuiKH jipeBecHHw 


:-;6500 7S.0 8.0 2 72.5 230,4 3 9 
<6o00 69,0 6,9 1 78.5 240,0 3 !d 


40x200^400i<6500 110.'o6:8 2 60;i21];2 3’5i i 0759119 

Uo:<200^400x 6500 106,06.5 1 59,021i:93'5l l oytl ’9 

I 30x 200y400>-:6500 63,0 6,8 2 38.0 120,0 3’2! 1 53 0 190 0 

30x 200-400 ;6o00 80, 07.0 1 32,0 120,0 3,7! irepcrpeTbiii 42,0 12o!o 

nap 

- 384 K 1 

- 372" K I 


,5 230,4 2 
,5 240.0 2 
,5211,2 2 
,5 21 1 22 
.0 120,0 2 


3KOHOMMHecKHe noKasarejiH pasjiHHHwx mctoaob 


Cnocco cy„.K„ 

Kannra.io- 

n.lO>KL*III15I, 

SKcn.nyara- 

pacxo;ii>i, % 

PacMcTawc- 1 
aaTiMTW ! 

3neKTpo.MarHiiTHbiii c npnMeHemieM 

100 1 

1 

1 

TOKa npo.Mbim.ieHHori uacTOTbi 
KoHBeKTiiBHbiii c iiapoHbni ooorpenoM 
BbicoKOTe.MnepaTypHwii 11 b cpeae 


100 1 

100 

220 1 

194 i 

189 1 

1 

neperperoro napa . . 

147 1 

123 1 

137 I 


6 ) Bo. 3 Mo>KHocTb .Me.xanHaauHH h aBTOMaTHsaunn npouecca 
cyiiJKH H TepMiiqecKOH oSpaooTKif, a c.ienoBare.nbMo. h Bcero 
KOMn,^neKca TexHo.ioniqecKoro npouecca; 

B) cpaBHHTe.ibHo He 6 ojibiiiHe KanHxa.TbUbie aaTparbi, noo- 
CTOTa o 6 op\ 7 ioBaHHH H .MOHTaa<a ycTanoBKH. OTO noBBonaeT 
HaMHOrO COKpaXHTb CpOKH CTpOUTe.TbCTBa; 

r) BO 3 M 0 >KH 0 CTb coBMeineHHH MaKCHMv.Ma noTpe 6 ,ieHHa BHen- 
niH ycTaHOBKOM c HOOHbiMH npoBa.na.MH rpa^HKa narpvaKH sHep- 
3 HaqHTe.nbHo noBbimaer BKOHOMiiqecKVK) 
3 (P(})eKTHBH 0 CTb 3 .ieKTpOMarHHTHOrO CnOC 06 a npn OJlHOBpeMdH- 
HO.M }. 4 yqujeHnn noKasaTe.^efi pa 6 oTbi aiieprocHCTeMb!, a TaK^<e 
B 03 ^ 0 >KH 0 CTb npHMeneHHH ocuHji„iHpy fomepo pe>KHMa CVUIKH 
PaapaeoTaHHbHf Ha.Mn cnoco 6 oxKpbiBaer npnHuHnHanbHo ho- 
Bbie B 03 .MOa<HOCTH HHTeHCHCjDHKaUHH H VCOBepUJeUCTBOBa HHH pH^a 


r.aa<Hbi.\ Te.\Ho.iornqecKii.\ npoueccoB 3 i cue^-r ^ 

B OJIHOM arperare. ipoueccoB 3a cqex nx cOB.MeineHim 

06 o 3 HaqeHMfl 

|Essli£=lis=ii' 

7 iep>KaHHe hotokob napa ii ^Kmk-nrxn- / / ^ Ten,ioco- 

nana ii jKUiik-orTu- r ;ikocxii, n^^ioxHocxb botokob 

Bno, IlocHOBa cooxBexcxBeHHo; « — 6e3pa3MeDF4bTH k-r>Mn,T ’ 

B.iarocoiienTk'aHiia- ^ r., „ '-'ccspci^Ait^pHbin KOMnjieKC 

u n.ioT^ocrt fcV) It, Ten.ioeMKocTi, 

’ ■^O" - OTKpHTaa noBepxHOcTb .viare- 
pna.ia: - cKopocTb nporpesa BJiaaiHoro MaTepHajia; t- 

SMeL‘'-™TCp,nTa™c ~ Ten.,o- 

KOHBeKUHK) H'^aN aeoaMeHV^'s (y^HTbIBaIO^^H^I 

.^eraK,wna k- noBepVoc?H "P"' 

TOZL"°Z'r‘’"“h " c"pe 4 b. MaTe"pS’'’i'°l' 

TMB^e aMnep “"“ k,?" s-ieMeHTa; 


•1 H T E P A T P A 


1954. ^ wkob. Hu-iohiih nepeHoca b Kann.i.iHpHonopircTbi.x renax, EHTT^T. 

r3H!^'l963!"^ ^ " ■’ ° ^ Teopiia ren.io- 11 Macconepenoca. 

TOKOB npoMbiiikieHHoii aacTOTu. A^.'^sl^^iges''^ Marepna.iOB c noMoinbio 

c. r.*^P o M a H o^R ft HH^paKpacHoro Harpesa. r3H, 1963 

^acTOTbi. rocTexi‘i3.7aT, KhL cyniKa TOKa.\ni npoMbim.ieHHoii 
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A. //. ^ An Jin HA 

nPHMEHEHME METOHIA PEryjl^IPHOrO PE^HMA 
AJI 5 I HCCJIE;; 0 BAHM 5 I opoueccob cviukh 

TeopnH pery.iHpHoro ren.ioBoro pemHMa, paapaooTaHHaa ina 
MHCToro Ten.TO06MeHa [I, 2], MO>KeT Shtb npH,,eHe„a Hl”rHc"e 
^iPBaHHH npoueccoB cviukh [3], 

TP-.a npouecca cviukh BaaaiHoro 

Teaa ii, b HacTHOcxu, aaBHCUMOCTb Me>K;iy TeMneoaTVDOH 
H CKopocTbio CVIUKH. Ec..H Teu.xo, HeoexoiiUMo^U^H^ HcuaSn 
MarH H uporpeBaHHH MaxepHa.aa, nouBOiiHxcH us OKpy>KaK?mero 
B 03 .ay.\a. xo \paBHeHHe Sa.TaHca xen.xa aanumexcH b Biijie 




dx 


(S) 


(^c — 4 ) dS, 


( 1 ) 


rje r xen^ioxa uecopouun Bnani, Koxopaa npii B.ia>KHocxH 

HH^a 'PaBHoBecHoii) Moa<eT 6biTb npi,'- 

HHxa paBHOH CKpbixoH xeu.ioxe HcnapeniiH B.xaru. 

cpeuHHx no o6-be.My sHaMenHu xeMnepaxvpw h Bna>K- 
ocxH, npeHeoperau ycauKoii .Maxepnaaa, (Jiop.Mv.iv (]) aio>kho 
npeucxaBHXb KaK y .mu/kho 

di , ,, dii 


cpV 


+ (2) 




■^-dc—tn). (3) 

^opwy.ia (3) uB.iHexcH ochobhum ypaBHeuiieM npouecca cvuik-h 
Oua CBHSbiBaex cKopocxb cvuikii du/dx, cKopocxb uporpeBaxe- 
aa dtjdx H HSObixoqHyio xe.Mnepaxypv noBepxuocxH xejia (t —t > 
AHa.iu3 ypaBHeuHH (3) noKa3biBaex:*Hxo ec!xH xe.MnIpa?ypa no- 
BepxHocxii xe.ia nocxoHHua (/„ = const), a xeMneDaxvorB ocxa 
Hbix xouK-ax xe.ia ue .\ieHHexca no BpeMenii {dt/dx= 0) xo cico- 
pocxb c\ lUKH — Be.iHUHHa nocxoHHHaH. 3x0 H onpe^ienHex nepiiou 

nOCXOHHHOfi CK-OPOCXH CyUIKH llopHO.a 

du 1 

(4) 


Tenaoo6.MeHa. 

boh y6bi.7H Beca Bnau<Horo xe.xa 7 e nruaMeHcl?"® 
iiHxerpa.xbHOH B.xauvUocxH xcnn iis.MeueHuio cpeuHeii 

cJd.VHKUHH XO.-IbKO BptMeUH noCKO.XbKy B.Xa>KHOCXb ecxb 

noBe^ixHoc™! HauiHiaeT pacTH^c^o Bnpii^ BK.iKmaa ii TeunepaTi-pv 
najaromefl CKopocTH cymKH Ckodoctk'*'^''’ HacTi-naer nepiioj 

UiaeTCH, H Be,„!;„Ha Ko\74,"„H'^“P,°"e,?oo6'‘ "P" VMeHB- 

OT B.i]aH<H0CTH MareDHava Ten.iooojieiia yave aaBHcm- 

UHenra Ten.TOo6MeHa B'nepnoa najaromeii°.u^cfifn'’^""^ kobc1x()h- 

TewnepaTvpbi noaepxHocTH reia Innu L noBbiuieHiia 

TypHbiii Hanop A/ = / -7 9^ '"P” cnHacaeTca reMnepa- 

30HM HcnapeEnH BHVTPb MarinL v, " 3amy6,beHnH 

POCTH cyiuKH. 3 to nDHBouHT ^ nepiioA nauarameii cko- 

THB.aeHHio norpaMHHHoro’7ioB Ha 7 ™"P°- 
■laeTCH TepMHuecKoe conpoTHB.ieHHe ctoh c7v.^?n’^^'''® 
'’"'Ha~e"7B7f'“" HcnapeH^H ™ ''-^P^'^a, 

nanaramefl CKopocrr n77TBep*aaeTca°"Tevr‘'*aK'"‘'’' ® 

^ = 7^ = A- A 

d«(T) U~U^ -^ = P = const (S) 


dt 

dx 


du 

~dT 


( 6 ) 
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r;ie cfi , cpi — HCKOTOpbie K03(jKjjimneHTbi [5]. Oop.Mv.ia (6) bu- 
paiKaeT .;iHHenHyio saBuciiMocTb MeHcny cpe^HiiM HHTerpa.ibHbiM 
OTHOCiiTejibHbiM B.iaroco;iep>KaHneM Te.Jia h cpejiHefi no oo-beMy 
TeMneparypoH ero. KostJicjajmneHT 3 unsbiBaKiT K034)tI^imiieHT0M 
pervMHpHoro peaciiMa cyniKii. 

Hcno./ib3yB ocHOBHoe cooxnomeHne pery.iHpHoro pe>KiiMa 
cyiuKH (6), ypaBHenne oa.iaiica ren.aa (3) b nepiioa, nanaiomeii 
CKOpOCTH CyniKH MOvKHO SaHHCaTb 

„ dw , du 

+ IT) 

Torjia Bbipa>KeHne K09(J)c|)nmieHTa TenaooSMeHa npHMex Biia, 


ra,e (t'P -[-/')== ^„p — npHBeAeHHaa yAe-ibnaa ren.ioTa narpesa- 
HifH Bjia>KHOro Teaa c ynexoM Ten.xoTbi iicnapeHiiH norviouieMHofi 
Baani. rio (jjopMy.ie (7) K03cj)(|)HnHeHT Ten.ioc^6MeHa a (z7) mo^kho 

onpe;te.iiiTb n3 KpiiBOfi CKopocTii cyiiiKH -^ = f^(u) n Te.virie- 

parypHoii KpiiBOii jiaa noBepxHOcrn re.ia == f., (u). 

Ko94>4)HmieHT xen.xooSMeHa m^^ho xaKJKe onpejteviiiXb ii h3 

KpHBofi CKopocxH HaxpeBa xe.ia pT). Torja ypaBHemie 

oa.iaHca xenna 6yj,ex 




ra,e c -1- — — npnBe;ieHHaH ya,e.xbMaH xen.xoeMKOCXb 

B.iaHvHoro xe.ia. 

I Icno.ibsyH noHHxne xo.vina peryjiHpnoro pa>Kii.Ma cyniKH 


(7c — 0 dr 


rfu 

{ii — //p) d r 


nonyqae.M (jiopMy.iy KostJicJjHUHeHxa xen.iooCMeHa b npo- 

iiecce cyiuKii b sHje 

a ^ m ^ . (12) 


BbipaiKenne K03t|j(}niiuieHxa xenaoooMCHa b iipouecce 

cyiiiKii B.ia>KHoro xe.ia mo^kho sanncaxb b SespasMepnow Bime 
itcnonbsyH Kpiixepiiii KHpnnneBa Ki h KoHJipaxbeBa Kn 


KaK nsBecxHO, jum nncxoro xen.iooGMena (x. e. npii narpeBe 
cyxoro xe.ia) ii.vieex mccxo aaBuciiMocxb 

Ki = Bi U’ = Kn. 

^ npoBepKH npea.iarae.MOH pacMexuofi cjiopMv.ibi 

K09(}ic|)HUHenxa xenaoo6MeHa b npouecce cvuikh Baaavnoro xeia 
obM Bbino.iHen npuMcp pacqexa. 


\ 

r 

C 

r 


n 



■ 


■1 






H! 



n 

□ 







□ 


^ SO /20 m JW ysff <f2ff 

Pile. 1. HsMenemie TeMneparypu noBepxnocxn 
oopasiia (tn) II B.iarocoflepjKaHiiH ero (u) 
iipii cvuiKe r.imibi iiarpexbiM bosjiv.xom [6] 

n acno.ib30BaHbr peswibxaxbi oribixoB 

II. .1. , ledeTieBa no oripeae.ienHio KoscjicjDHUHeHxa xen.ioooMeHa 
ripn Kf iBeKXHBiioii cyniKe rannbi narpexbiM bo 3 av\om [6] 

06pa3en r.uiHbi Mecxopo>K,xeriHH «HH>ivHiie ' Kox.7bi» HMe i 
(j^op.Mv KnpnimnKa pa3.\repa.MH 135X70X35 .iu/. Oh noMemaica 

IRSn”" H30.3HUHH CHH3y. RlOXlfOCXb mHHbl 

- ia»U Ke/M\ xena-oe.MKOcxb cy.xoii raiiHbi Co = 0,21 KKQAjKa-°C 
Pe/KHM cyujKM caeayroimn'i: xeMnepaxvpa Bos^vxa /-=70^c' 
Baa>KHOcxb Boaayxa I0 7o. CKopocxb noxona 1 -u/ct^A-." KpuBan 
cyuiKii II xe.MnepaxypHaa Kpiiaan npeacxaB.ieHbi na piic 1 

BHaneHiie KosctxJnimieHxa ^ = dtldi7, pasHoe I,75°C, obi.io 
B3HXO no aaHHbiM A. B. JlbiKOBa [3] a.ia raiiHbi fie.ion npn cKopo- 
exH Boajiyxa 0 MjceK h xeMnepaxype Boaayxa t^=7o°C CpaBHe- 
Hire peayabxaxoB pacnexa KoscJitjjiiuiieHxa xenaoooxieHa npn cviUKe 
no 4)opMy.ie (8) c onbixHbi.Mii jiannbiMu npeacxaB.ienbi Ha pnc. 2. 
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KaK BHiiHO H3 piic. 2, pe337nbTaTbi pacqera npiiMepHo Ha 15% 
OT.THHaiOTCH OT OHblTHblX iiaHHbIX. C.ieiiyeT OTiMeXHTb. qxo pac- 
qexHbie SHaneHHH KoscJitJiimHeHxa xen.xoo6MeHa Ha Bcefl kphboh 
3aBbimeHbi, BicTioqaH h nepHo/i nocxoHHHoii CKopocxH cvihkh 
O qeBHjiHo, B pacMBx BK.iKDHeHa CHcxeMaxHqecKaH norpeuiHocxb’ 
Koxopaa MojKex 6bixfa o6-bHCHeHa xeivi, qxo npuHHxoe 3HaqeHHe 


K/raj) 



tih; Fo=-^ _ KpiixepnH 0\ pbe; Bi= -- 


— KpHxepiiii Bno; 


^'P»TepHH KHpniiqeBa; Kn=— npn- 

xepHH KoHjipaxbeBa. 

.n H T E P A T 3 P A 

9 r ^OH-^PSTbeB. PeryjiHpHbifi Ten.ioBofi peaciiM. EHTT.n, 1954. 
o \ o' ^ P ^ ^ B. Ten.ioBbie iia.MepeHiiH. Mauinis. 1957 

B. c/lbiKOB. Teopufl cyiuKH. FBH, 1950 
A A. M. Han .t „ h a. 5, jVg 9. 1962. 

rHTTJl 1^4 ° nepenoca b Kann.xiapHonopiicTbi.x re.iax. 

6. n. a. ,ri e 6 e A e B. CyujKa nH(})paKpacHbiMii jiyqaMir. r3H, 1955. 


Pile. 2 ConocTaB.!ieHiie pacnera CKopocxii 
cyuiKii II K03(})(}}imHeHTa Ten.ioo6MeHa { 2 ) 
npii cyuiKe c onbtTHbiMii .naHHbiMii (cnaom- 
HHe jihhhh) 

K034)(^HUHeHxa p ObLlO n0.iyqeHO B yC.XOBHHX OHblxa, HeCKOJIbKO 

ox.iiiqaiomHxcH ox \t.xobhh onbixa n. Jl. JTe6eAeBa. 

yqHXbiBaa bxo oocxoHxejibcxBo, mojkho cjiejiaxb BbiBo/i;, qxo 
ii.TH ncc.r]eAOBaHHH BHeuiHHx aajiaq b npoiteccax c^'uikh BcXajKHbix 
xe.i .MOHvHo npH.MeHHxb xeopHK) peryjiHpHoro pencHMa. Tax djop- 
-Mjna ii.iH onpeAe.xeHH5i K03(J)(|)HLi,HeHxa xenjioo6MeHa npn cyiuKe 
EbiBejieHHaH na ochobc xeopHH pen-.xqpHoro pejKHMa .naex 
peayjibxaxbi, Bno.iHe npiiroAHbie npaKXHqecKHx paeqexoB. 

0603HaHeHH5I 

Q — K0.xHqecxB0 xenjia, KKaA/nac; r — yAe.xbHaa xenjioxa 
HcnapeHHH BJiaxH, kkua/kz; q „p — npHaeaennan xen.xoxa narpe- 
f<f<^aAfKe; c — yAe.abHan xenjioeMKocxb, 
KKOA/he • C; A — K03c{)d)HUHeHX xen.nonpoBOAHOcxH, kkqaIm • nac ■ 
^ ~ ■''eMnepaxyponpoBOXHoexb, AfV'/flc; p — n.xoxHocxb xe.xa, 
K 2 jM^\ u BAaroco7iep>KaHHe; t — xe.Mnepaxypa, °C; t — bpcmh 
Hac; m — xe.Mn cyuiKH, l/^ac; V — o6-be\i ’xe.iia, S — tiao- 
ma;ib noBepxHocxH xe.ia, m^; — rajipaB.XHqecKHH pa- 

;iHyc xena. m; u — K03{J)4)HUHeHx xen.xooSrvieHa, kkua/m^ . nac • °C; 

W ‘c 

f _j ~ I'PHTepHH HepaBHOMepHoexH xcMnepaxypHoro no- 
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B. n. ;^ypABJiEBA 

HCCJlE;^OBAHME AM<l>4>y3HH BJIAFH 
B KAnHJTJIHPHOnOPHCTbIX TEJIAX 

Zl.iH HCc.ieiioBaHiia xen.io- ii B.iaronepeHoca b Kanii.i.iBpnono- 
piICTblX Te.nax HeOOXOUHMO 3HaTb K03C})C{)HUHeHT iiHcbcbvsHH B.iarii 
ii TepMorpazmenTHbiii KoscfxJjuuneHT kbk cjjvHKUHH Bnarocoj.ep- 
^aHHH, TeMnepaxypbi h nopHcxocxit xe.xa. 'HaMn iicc.xeitOBanbi 
SaBHCHMOCXH 3XHX K034)(j)HUHeHX0B OX B.Xa rOCOiiep>Ka HUB xe.Aine- 
paxypbi H nopHcxocxH xe.xa. 

TeopHa ivieTo;ta 

B paSorax A. B. .IbiKosa [1, 2] ycxaHOB.xeno, mxo n.xoxnocxb 
noxoKa BTiaxH b KanH.x.xBpHonopHcxoivi xejie onpejie.XHexcB rpa- 
iUieHxaitiH B.xaroconep>KaiiHB ii xe.Mnepaxypbi 

jm = — a,„ YoV « — YoS V ( 1 ) . 

Hcno.xbaya aaKOH nepenoca B.xarH (1), a xaioKe aaKOH xen.xo- 
npoBOilHocxH Oypbe, nojiyqaeM cncxeMy Jinc})4)epeHmia.xbHbix 
YpaBHeHHH xen.io- n .MacconepeHoca: 

df dH , sr du 

B nepHOii nocTOHHHoii CKopocxn cyntKii 
dll dll , ^ 

^ - V = const, -^ = 0. 

riocjie no.acTaHOBk '11 bthx yc.ioButt b vpaeneHHe (2) oho nnii- 
HHMaex BH.H 


oHHCbiBaeTCH sakOHOM na- 
, t = Ax- + Bx 4- C 
Ilcno.xb3yH rpaHiiHHbie yc.xoBiiB 

npH.v = 0 t = ii=u^- upnx^R t = t^; 
npii A A'l / = ^ t = t-> , 

noviyqaeM 


-AR, C = t^ . 


A = — R ^ r—t 

\(x^~~x^~(x, — xAR\ ' ’ = . 

- 0 P-^enHB 

dr R “ dv !„ ■ 

Pacnpei.e.,eH„H B,,a>K- 
I ; tA I Cl H rpanH^Hbie vcjiobhh 

"P" '- = 0 a,„Y„|^ + o„Y.« 

11 .XH ' 

np„.v =0 = 

dx A. ■ (4) 


V dt 

— = 0 


= 2oia-4-6, ^ = 2Av4-B, 
dx 


f'— 1 

ir- 

/ du ' 

\ i du 


1 dr 1 

'lo ~ 


L=/? ( J 

1 = 2ai/?, 

fJL) 

\R 

/ dt \ 



[ dx I 

|o * 

[ dx J 

.v=i? 

= 2AR, 

V=0 


du o 

.-^ = 2a,„Oi f2a,i,oA 

HcnojibBya rpaHiiHHoe ycaoBiie (4), no.iyHaeM 

n, - 3&B(R~r,) 3(u, — u) 

2(R^^Rf) R‘ — Rf 
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HoilCTaBiiB (S') B (5),- no.iyqnM 


du , 6 a„i {Ui — u ) 1 

[dr ' R - — R 1 J A^a,^ ' 


T/ie A'^- = ■ 


3B 


-2A. 


R+ Ri 

npH HSOrepMHMeCKHX yC.lOBHHX > 1 === = 0 II 

a ^ — ^ Rh 

dr 6 [«] — u ] 


( 6 ) 


(J) 


TaKHM ofipaaoM, hs cucreMbi jiHtJxJiepeHUHajibHbix ypaBHennH 
Ten-Jio- H Macconepenoca, npHHHMan napaSojiHiiecKHH saKOH pac- 
npejiejieHHH reMneparypH h BJia>i<HocTH h cooTBercTByiomHe rpa- 
HHqubie ycjiOBHH, mu nojiyqHTin pac^ieTHbie (})opMyjibi ;iJi 5 i onpe- 
ii.e.?ieHHH K 03 [J)(|)Hij,HeHTa B.narH C;„ h repMorpaAnenT- 

Horo K 03 ^(}DHUHeHTa 6 HenOCpeaCTBCHHO H 3 KpHBbIX cyiUKH. 
Tanaa me (JjopMyjia jt.riH pacqexa K 03 (J)(|)HUHeHTa ;i.H(J)(|)y3HH 
Bjiani KanHJijiHpHonopHCTbix xeji no.nyHeHa B. JX- EpMOjieHKO 
apyruM MerojioM. 

TexHHKa H MCTOAHKa SKcnepHivieHTa 


ZItiH HCC.ieAOBaHHH SbITIH B3BTbI KepaMHMeCKHe o6pa3UbI nopn- 
CTOCTbK) 28, 18 H 10% B (JjOpMe AHCKOB. 

CocraB KepaMHKH cjieAyromHft; rjiHua jiaxHHHCKaH 29,5%, 
luaMox 70%, cxeKJio tkiiakob 0,5%. 

OSpaaeu, cocxoh.i h 3 xpex OAHHaivOBux bjihxok, njioxHo npn- 
ubnH4)OBanHbix Apyr k Apyry. BHaMajie oSpaaeu norpyA<ajiCH b 
AHCXHAAH pOBaHHyK) BOAy H HaXOAHACH XBM AO yCXaHOBAeHHH 
MaKCHMaAbHoro BAarocoAepA<aHHH. OocAe axoro noBepxHocxHaa 
BAara yAaAHAacb npoMOKaHHeM (JjHAbxpOBaAbHofi OyMarofl. 
BAajKHbiH oSpaaeu; noABeuiHBaACH b cyiiiHAbHUH uiKatJ) c saAaH- 
Hoii xeMnepaxypoH BOSAyxa. BoKOBan noBcpxHOcxb oOpaaua 6bi- 
Aa BAaro- h xenAOHsoAiipoBaHa. IlocAe OKOimanHH SKcnepHMenxa 
oOpaseu BbiHHMaACH, noMemaACH b 6ioKcy h onpeAeABAacb babjk- 
Hocxb Bcero o6pa3u,a, a 3axeM ero cpeAwero caoh. BAaH<Hocxb 
onpeAeAHAacb nyxcM B3BemHBaHHH Ha sAeKxpHqecKnx secax 
BTK-500 c iteHOH AOAeHHH 0,1 a. TcMnepaxypa oOpasua aaMcpn- 
Aacb c noMombK) xepMonapu, noMemeHHoii b ueuxpe ero. TeMne- 
paxypa b paaAHHHux xomcax no xoAiuHne oSpasua OuAa paana 
xeMnepaxype b uenxpe ero, x. e. oSpaaeu, HaxoAHAca b naoxepMH- 
MeCKHX yCAOBHHX. 

H3 3KcnepHMeHTOB ObiAa ycxanoBAena aaBucHMocxb cpeAnero 
BAarocoAepA<aHHH Bcero o6pa3ua u h ero cpeAHeft nAHXKii ox 
BpeMeHH cyuiKH npii pasHux xeMnepaxypax. 
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Ct — cradiWHsaTop nepenienHoro toko- a 
Bo.ibTMeTp; R^— BaTTMerp: O — uccneavev 
~ ^-^^KTpnvecKHe b£c«: 
repMonap, ri _ ranbBaHOMexp jcTanoBKH i 
Hbifi a.xeMCHT 


ycTanoBKii: 
aMnepMCTp; V — 
oSpaaeu; H — na- 
— nepeK.TK)>iaTe.xb 
H3 — HopMa.ib- 
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Ha pHC. 1 npeztCTaBcTeH Hcc.ieiiyeMbiii oopaaeu n Te.MnepaTvp- 
Hbie KpriBbie cyiuKit raKoro o6pa3ua »3 KepaMiiKii iiopiicTocTbio 
28% npii TeMiieparypax 19,5, 30, 39,1, 47,8° C. 

B 3THX sKcnepH.AieHTax onpene.nn.icH K03(|)(|)nmienT 7 ihc 1 )*v- 
3HH B.aarir a,,,. 

Tep.MorpajlHeiiTHbiH K03cj)(j)HmieHT 6 onpeae.neii H3 onbiTOB 
c Ha^nuMiieM TeMneparypHoro rpanHeura no TO^imnne oopaaua. 
TeMneparypHbiH rpajineHT co3aaBa,iCH nyxeM nonorpeBa nuTKHeii 
nOBepxHOCTH oSpasua. 

Ha pile. 2 noKaaana cxeMa 3KcnepHMeHTa,TbHori \CTaHOBKn. 
r.TaBHOii qacTbKD aKcnepHMeuxa.nbHOH ycraHOBKn no onpe^e.^e- 
nnio TepMorpaznieiiTHoro K03(jD(|)imHeHTa Kann.i.iHpHonopucTbix 
Te,i BBjiH,Tca njiocKiiii 3,ieKTpn- 

necKHii narpeBareab 113 xiaHra- ' a ' ^ 

HUHOBofi np 0 B 0 . 30 Kn anaMexpoM 
0,2 MM, naMOxaHHOii na n30,xH- 

miOHHbui c.Ton (c.aioiiy). Cniray S 

, narpeBaxe^ib xen,non30.3HpoBaH 

acoeexoM. Te.vinepaxypa nojio- — — 

rpeaa noa 3.ep>KnBa.nacb noexonn- 

non nyxcM pery.niipOBaunn 

nanpna\eHnB nnxaunn narpeBa- fft* 

xe.xn. Ko.iimecxBo xen.na, Bbia,e- 

.ineMoro iiarpeBaxe.neM, nsMepa- iw' 

.locb BaxxMexpoM. TeMnepaxypa 

o6pa3ua H3i\iepn.nacb Me.ab-Kon- 

cxanxanoBbiMn xepMonapaxm b 

qexbipex xoMKax no xoTiiuime ero 

c noMoiJUbK) noxenmioMexpa Rf 

nMC-48. B KanecxBe ii3Mepnxe- jl ^ 

,iH iicno.ib30Ba,ncn sepKanbHbin \ 4 

xa.ibBaHOMexp r3n-47. ° t:,vac 

OSpaseu C0CX0H,T H 3 JiByx P"^- -I. CyujKa c noaorpesoM cmi3\: 
TtnCKOB, xopoiuo npnxepxbix npvr " “ ncc-ienycMWii oopajeu; u -- saBiicii- 

„ -fjf ^ j \iocri, TOMiioi arypi,! no To.muHHo oCiiaa- 

K Jipyry. Hh^vHBH H OOKOBan no- u;i or bpomohi: cviukti 

BepxnocxH oSpasua Oeijih BJiaro- 

Hao.nnpoBaHbi necKo.nbKHMH cjion.Mii KJien 50-2. BoKosaa noBepx- 
Hoexb oOpaaua obijia, npoMe xoro, xen.xonaojiHpoBana. TaKHM 06- 
pa30M, Hcnapenne B^iarn npoHcxo.ilii.io xo.ibKO c BepxHeii noBcpx- 
HoexH o6pa3ua. OxHoinenne Aiia.Mexpa oOpasua k ero xo-imnne 
6o.ibiue ceMH, noaxoMy no.in xeMnepaxypu 11 B.iarocoii,ep>KaHHH 
ero Mo>i<Ho CMHxaxb oaHOMepiibiMii. PasMepbi oSpaaua BbiSupa- 
.incb xaKHM oopaaoM, Mxo6bi .\'i + Xav-./?, HHane SHaMenaxejib A 
oOpaxHxcfl B 0. Hcc.ieiiyeMbifi o6pa3en, naxoaH.icH BMeexe c na- 
rpesaxe.ieM na eecax BTK-500 b xeneHHe Bcero onbixa. 3xo Aa-10 
B03.\io>KMocxb pemcxpupoBaxb c noMombio nenpepbiBHoro B3Be- 
LUHBaHHa ySbi.ib B.iani Bcero oOpaaua nepea .iioObie neSojibiUHe 
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npo5.e>KyTKii Bpe.MeHii (5— 10 .«,/«). TaKHM oOpaaoM obiaa noiv- 
,eHa KpiiBan saBHcii.Moc™ cpejiHero B.iarocoaep*aHiia Bcero oS- 

S^'B^eMCHH “■ 

, ® "“Kaaaii iicc.ieayeMbiii oCpaaeu h Te.MiieparvpHbic 

hpiiBbie oOpaaua h 3 xepa.MHKn nopncxocxbio 10% pe>Kn.Ma 
cyujKH CO cpeiiHeHHxerpa.ibHOH xe.Mnepaxypofi / = 43,5° C. 

Onbixbi npoBOAH.iiicb npii paanbix xeMnepaxvpax TeMnena- 
x>pa nonorpeBa BbiOiipanacb xaiion, qxoObi epenk^nxerpa ibifaji 
TeMneparypa o6paapa 6b, .aa < 60“ C. Op,, 6o,aee Bb,JS re., 
neparype npoHcxoaH.ao HHxeHcHBHoe HcnapeHiie BaarH H 3 oepaa- 
ua H nepHoa nocroaHHofl cKopocT,, TpvaHo 6b,,io ..TOBHTb 

'I™ B nepHOa nOCTOBHHOI, CKOPOCTII 

cNUJKii xeMnepaxypnoe no.ie oCpasua cxamioHapnoe. 

OScyHincHHe peaynbrarOB 

SHanenHB K03(j3(|)HUHeHxa nH(})4iy3HH B.iarii h xeDMoroa- 
nHeHxHoro K03(j)(})HUHenxa 6 onpene.iB.incb no (jiopMv.iaM (7f n 
(6). HpuBeneM npuMep BbiMiicnenMH no cjDopMv.ie (7) Koscbiii- 
o6pa3ua Kepa.viHKn nopHCxocxbio 
-8 /o npn xexinepaxype cvihkh nenxpa oOpaana / = 30 °C h epen- 
Heii HHxerpa.ibHon B.iayKHocxn’oSpaaua n = 0, 10: 

a,„=.nni.R,R 0 -0533025-10-^ ^ 

6-0,0453 

^0,03- 10-^3i-/«/flc =0,833- 10-^ M^/ceK. 

n, aiT'Tnvrv” K03<),(fiHHHeHTb. a.i^d^vaHH B,ia- 

rn n.iH jpyrn.\ nopncxocxen h pe>i<HMOB. Ho peav.ibxaxaM Bbr- 
qiic.ieHHn obuin noexpoenu saBHciiMocxii K03(J)(|)HuiieHxa ninli^jy- 



m m QOS 008 Qf af2 m Ojs m J 

Pile. 4. SaBHciiMOCTb K034)4)nmieHTa rmfjj^jyanii B.narii ot 
B. iaHvHocTii npii TeMnepaxypa.x cyuiKii; 

/ — 19 , 0 ° C: 2 — 30 ; 3 — nq.i; ^ _ 47 « 
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3HH B.iarH OT B.na>i<HOCTH npn pasHfaix TeiMneparypax. 3 th aaBii- 
CH.MOCTH jt.TH o6pa3ua 28%-hoh nopHCTOCTH npejiCTaB.neHbi Ha 
pile. 4, a nopHCTOCTefi 18 h 10% — b raSn. 1. KpuBbie, xa- 

T a 6 .T II u a 1 


SaBHCHMOCTb OTHOuieHtisi Oq OT BjiaiKHocTH o6pa34a 








KepaMUKQ- 18 %-hou 

nopiicmocmu 

1 

npu = yy,o 

C. i.r=31.5. t. 

., = 39. i‘4 = 45,S C ! 

0,14 

0,400 

0,301 

0,‘>40 

0,194 

0,13 

0,434 

0,350 

0.290 

0,284 

0,12 

0,555 

0,451 

0,380 

0,351 

0,11 

0,625 

0,538 

0,463 

0,426 

0,10 

0,714 

0,596 

0.550 

0,503 

0,09 

0,769 

0,666 

0.633 

0,580 

0,08 

0,833 

0, 756 

0,690 

0,637 

0,07 

0,909 

0,848 

0,791 

0,713 

0,06 

1,000 

0,903 

0,844 

0,782 

0,05 

1,000 

0,933 i 

0.590 

0,837 

0,04 

1,000 j 

1,000 I 

1,000 

0. 867 


KepoMUKa lO^k-nou nopiicmocmu 


npu = 7p,5X , t .2 = 30. ' = 

= 38.5. t^ = 48.5^C 

0,11 

0,495 

0.441 

0,384 

0,370 

0, 10 

0,569 

0,485 

0,-450 

1/ 415 

0,09 

0,636 

0,580 

0,514 


0,08 

0,696 

0,653 

0,568 

0 549 

0,07 

0,780 

0,720 

0,642 

0,610 

0,06 

0,821 

0,763 

0,724 

0 676 

0,05 

0,876 

0,829 

0.770 

0,740 

0,04 

0,917 

0,888 . 

0.833 

0,796 


paKTepusyiomHe bth saBHCHMocTH, 6biJiH npoiioji>KeHbi jio nepe- 
ceweHHH c ocbK) opaHHar. TaKHM oOpaaoM, 6biJi onpejiejien Kosejj- 
4)HUHeHT iiH4)(f)y3HH aocojiHDTHo cyxoTo MaxepHajia Oq pasjiHMHOii 
nopHCTOCTH H npH pa3Hbix TeMneparypax. 

MeTO.aoM BbipaBHHBaHHn onuTHbix jianubix nOcHyqeHa c.nejivio- 
man s.MnupHqecKaH (jjopxiyjia: 


= Cj, — o u. 


( 8 ) 


Tor^a atih pasjiHHHbix nopucTOCTefi h TeMnepaxyp mbi no^yqHw 
pH.H npH.Mbix — ^ (u), npnqeM KaH{;iOH nopHCTOCTH bth npa- 

Mbie 6y;i,yT napa.ivievibHbi MejK.ny coOoft. rpa{j)HqecKH 6ujio yexa- 
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HOB.ieHO, qxo SHaneHUH saBiicHT ox nopiiCTOCxii h xeMiiepa- 
xypbi, a 3HaqeHHH a„ — xonbKO ox nopiiCTOCTH. nosxoMv mo>kho 
sannearfa 

-^=c,(n, T)~a^(n)u. ( 9 ) 

SaBHCHMOcxb K034)4)HmieHTa Cn ox xeMnepaxypbi npii Ka>K- 
Jiofi nopHCTOCTH BbipajKaexcH cxeneHRUM saKOHO.M 

Cn(n, T) =.co(n)r'^. 

SHaneinie q onpe;i.e.THeTCH Kax xaHrenc yrjia HaKTioHa npn- 
MOfi Ig Cn = Ig To -f t7 Ig T K OCR aOCRHCC (IgT), a IgCo paBOH 
oxpesKy, OTcexaeMOMy sxofl np^MOii Ra och opARRax. 

SaBHCHMOCXb K034)4)RUHeRTa Cn OX ROpHCTOCXH KaXvAOR 

Te.Mnepaxypbi TaKR<e xopomo onHcwBaexcH cxeneHHOH (fiyRR-RHeii 

coin) = c^\r._ 

AHaviorRMHO npeAbiAyutCMy onpeACJiHioxcH SHaqeHHfl v h h 3 
rpa^RKOB 3xofi saBiiCHMOCxn B AorapH4)MHqecKHx KoopARHaxax. 

SaBiiCHMOeXb ox nOpRCXOCXH Be.THqHHbI On , ROAvneRHOH rpa- 
4)RqecKHM cnocoOoM no AaRRWM npoBeAeRHoro sKcnepHMenxa, 
xopomo H3o6paiKaeTCH cxencRRofi 4)yHKu;Hefl 

«n = «n0 n«. 

H3 rpa4)HKa sxoft saBHCHMOcxii, HMeK)m.efl bha npHMOfl b ao- 
rapiKjiMHqecKHX KOOpAHRaxax, onpeAeACHu SHaneRRH m h a^o. 
yqRXbiBafl panee cxasaRRoe, 4)opMVAv (9 ) mojkro nepenucaTb 

B BHAe 

= 1063 ’^'-1 3,5 0"’-'^ «. (10) 


OopMyAOH (10) \'CXaROBAeHa SaBHCHMOCXb K034)(J)RU,HeHXa AHd)- 
(j)y3HH BAani ox BAarocoAep/KaRHR, xeMnepaxypbi h nopnexoexH 
xeAa. Sxa (bopMVAa no cpaBReHino c (JiopMVAOft MiiRHOBHqa [2] 


a,„ 



03 / T 

1 3 — 0,00246 T — u) [ 290 j ' 


npome R MOHcex Obixb HcnoAbsoBana b HHH<eHepRbix pacnexax 
xexROAorHMecKHx peiKHMOB H oOopyAOBaRHH cymiiAbRbix npo- 
neccoB. Tax xax AanRaa cJiopMVAa SMnHpHnecxaa n noxasaxeAii 
cxeneHefl y nopnexoexH o 6 ohx CAaraeMHx nonxH OAHRaxoBbie, 
xo MOHCHO BbiRecxH 33 CKo6xH ToxAa (bopMVAa (10) RDH- 

Mex BHA 


= (10637-' "' -- 3,5 u) n°’-‘ . 


( 10 ') 
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Hpn n — const 


+ B,u. 


(JjopMv.iy (10"), vpaBHeHne Macconepenoca sann- 


PeineHne aroro vpaBneHiiH GyzieT 6o.nee tomho npeacTaB.iHTb no- 
PeujeHne npH nocroHHHOM K03((3d)n- 

UHenre ii,H(|)4)y3HH. 

riepeHOC BemecTBa b KanH.i^iapHonopucTbix re.Tax mo>kho 
onncarb aorapiKtiMHqecKon (j>yHKUHen, tsk >Ke KaK h sanoH rep- 
MojiiicjDcPyaHH H saKOH nepcHoca ren.ia. 3aKOH ren.nonpoBo^iHOCTM 
3aK0H TepMo;iH^4)y3HH, ypaBHCHHe Macconepenoca mo>kho aann- 
caTb c.iejiyKDiuHM oSpasoAi: 

a = — A — = ^ 


dr dx [ B^ dx ) • 

SaSHCHMOCTb K03CjD(j)imHeHTa ilH(J)(j)y3HH B.naPH OT BnaavHOCTH 
npH pa3Hbix TeAinepaxypax ^anaTOMOBOH KpoiiiKH, no aannbiM 
ityoHHUKoro [2], xopomo cornacyercH c Haiuefi cbopMvnon (10) 
KOTopaa B 3TOM c.iyqae H.Meer bh/i, v ' ' 

-^^ = 38207' — 2,35 «. (]2) 

Ho Cj30^\^.7ie (10) 6bKTH 06 pa 60 TaHbI SaBHCHMOCTH K03Cb(±>H- 
uneHTa iiH(|)(|)y3HH B^iarn or B.3a>KH0CTH KBapuesoro necKa 
JlHaroMOBbix o6o>t<»ceHHbix n.THx, acSopeMenTHbix n,iHT asro- 
KxiaBHoro Sexona [2]. Bo Bcex caynaax nojiynSioxcH npaMbie .iii- 

HHH, onnctiBaeMbie vpaBHeniieM (8). Ha rpa^niKOB -^(u) oham 

onpe^te-ieHU BHanennH n c,, . HepeMeHHbie u, T, ox koxoohx 
3aBHCHT K03(})$HUHeHX ;iH4)(i)y3HH B^iaXH, pas^e^HIOTCH. TaKHM 
Ae oopasoM 6ujia o6pa6oTaHa aaBHCHMOCxb KoadxbnuHeHxa 
B.iaronpOBOAHocTH KepaMiinecKOfl Maccbi, naxoAHmeftca b rur- 
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pocKonHneCKOM cocxohhhh, ox BnaavHocxii npn oas^iHXHbiv nn 

= l.2I2r-’»_0,151„. ( 13 , 

CpaBHHBaH f|)opMy.ibi (12 ) h ( 13) c (10 ), mo>kho caeiaxb cie- 
BbiBoa oxHocHxe.ibHO saBHCHMocxH KOBcjs^iHUHeHxa aitcb- 
4)y3HH Bnarn KanH.inapnonopHcxbix Bna>nHbix xei ox Bia>KHocfn 
H xe.Mnepaxypb,: Bo-nepBb.x, pa3ae.3aK>xcH nepeti^HLre I r or 
KOXOpbIX 3aBHCHX K03C|)C|)HUHeHX :IH4 )(|iV 3HH BnarH* BO-BXOPbIX 
nfe '' c.iaraeMoe ^o^T„ b oaHof, H^oii 

le TepMorpa jiienTHoro K03i})(},HUHeHTa 6 no ifopiix - 

^OKaw^eM na npuMepe oSpasua na KepaMHKH 10 %^h6h 
nopf^xocxH npn cpertneHHxerpanbnoH xe^me^xype ctmKn 
_n 1(1 cpeiiHeHHxerpa.nbHOH B,3a>t<HocxH oSpaaua u = 

-0,10. SnanenHa a,„npH jiannoH xeMnepaxype n non nanHou 
Boan^ocTH onpeaennnncb rpa<pHnecKH h3 Lbkhmocth sHane™," 

xe3,nepaTypB.°S;rn~H" 


0,1 •10-^-90290 


• 10-^0,0125 
3,0001674 


BbmucneHbi xep.AiorpajwenxHHe K03(|)(jDHUHeH- 
xbi Bcex nopncxocxen n pe>KH.AioB cyiuKH. Hocxpoenw saBHcn- 
^ocxH xepMorpaitneHXHoro KoatfnJjHUHenxa 6 ox Baa>KHocxH n'i« 
pasnunHbix nopncxocxen n xeMnepaxyp. Ha pnc. 5 npHse^xena sa- 
BHCH.Aiocxb 6 (m)_ K epaMHKH nopncxocxbfo 10,18-/0 ^npn paanbix 
Mnepaxypax. npoiio.Ti>KHB na rpa(|)HKe .nnHnn jo nepeceneHnn 
bScoTtho "^P'''°xpaaHeHTHb,fi 

S: BoaiKHoc™ a aBnaerca npaMo.iHHeflHon .pyHK- 

^3 = 0^, — A' ii. 

Tax K-aK 0 = Oq — a’uo , xo ypasHeHiie npHMon oy^iex 
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y'-'T'aHOB.ieHO, WTO 3aBHCItMOCTb MaKCHMa IbHOro 
.7aroco;iepHvaHnH re.ia or re.MnepaTvpbi itMeex Biizt napaneib 
Hbix npBMbix Bcex nopiicTocTefi ^ anzt napa.i.ie.ib- 

, --«oo(n) — 0,001 


d^/0 

— 
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d26 
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d5 

d/5 

d/0 
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7S 
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A IW 

d/f a 


ni';,' “c??"""'-"” " — "ocr„ 

.leBaa qacTh nopiicTocTn 10"/., (/ — ‘"ofi'jy-- 

npaBa«-.,.iH 18"/o (/_53>C. 9 47:5: 7-3^4') ^ ^ ’ 

Ms onwTHbix .laHHbix BbiHB.ieiio, qro 

"on(n) = 0 , 00 168 n — 0 . 24 . 

" npea.«yu,y,o ct,oin.y,,y 
«n = 0,001680 — 0.24 + 0,00127'. 

Tor;ia (i,opvy.iy (14) mo>kho nepeni.a.Tb cejyromirM oSpaaoM: 




rje iJ = 5 1“5 — U.a4-0,0U12r-0.00168lT ' 

KOB^^SSeHri'oT bT>,-ho^. "reZepaAL 

B^ro. rp"“e 

Tenjio(i)H3HHecKHe xapaKrepHCTHKH 

.Ten.ia b eanH,my epeMeHii qepes eaHHimy no4>^HocT„ 9. 
Cor.iacHO saKOHv Ten.TonpoBOjHocni <J)ypbe, 

npuHB.i,, napaCoaHMecKHd aak'OH t = Av- - 1 - Br ^- C 

oepas^a, W *;a,v f 

C.ie;iOBaTe.7bH0, = —}, ( -^ 1 = __ > r 


TaK KaK jie Bce ren.io. Bbizte.iHe- ^ 

Moe HarpeBaTe.neM, npoxoiiHT qe- 

pes oSpaaeu, a qacTb ero (AQ) ^^.002 

paccenBaercH b npocrpaHCTBo ^ 

TO Bbipa>KeHHe j.ih KoatfiqjHmi- 

enTa TenjionpoBOiiHocTH mokho 

aaniicarb b Bune — 1 I I I I 

_Q — AQ _ m OM m d/0 dr^ J 

^ 3aBIICIIMOCTb KpiiTepiIH Lll 

’ OT B.la»CHOCTn 

3KcnepHj,eHTa,ibH0 vcTaHOB.ieHo bto b vr-.nBuov 

on7ey“er,<«V|;]uLHTTenf^^^^^ Ho (PopMyae'd?)^^;^ 


0, 24 0.^0 12r-|- 0.001 680 
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File xeii.noeMKocTb B.Ta>KHoro xe.ia Bbmuc.xH.iacb b 3aBHCH.\iocxn 
ox B.xa>KHocxH c = Co + «- 1, 6bi.i onpeje.xeH K03(j)d5HUHeHx xeMne- 
paxyponpoBoanocxH B.xa>RHOH KepaMHKn pasoimnoH nopHcxocxti 
ii npH pasHbix xeMnepaxypax. Mexoitoxi HHxepno.iBmiii 'ObKiH 
Haiijenbi 3HaMeHHB a,„, cooxBexcxBvroiuHe xeMnepaxvpe n Boa>K- 
BocxH, npii Koxopbix onpe.xe.THOHCb a. 3aTe.M no 4)op.M\Me Lu 

~ a BbmHc^ieH K'pHxepnH .QbiKOBa. PeayjibxaTbi BbiqucTieHHH 

kepaxMiiKH ISOp-HOfi nopHCxocxiiCy -= 1770 KeUir) npeiicxaB- 
•xeHbi Ha pile. 6, a JvXh KepaMiik'H 10. 28%-Hofi nopiicxocxii — b 
xaoji. 2. 

T a 6 .T II u a ‘1 


SaSHCHMOCTb K03(|](|)H4HeHT0B TenjIOnpOBOflHOCTH, 
TewnepaTyponpoBOAHOcTH h KpurepHii Lu ot bjibikhocth oQpaaua 


,7 


.f 

1 




1 


1 


'KepaMUKa }0<\, 

HOii itopucmocmii 7Y(. 

-- 1846 Ke 

M-\) 




npu 

/, =- 36.1 C, 

i.. = 43.5. - 

= 61.9^ C 



0.11 

1.802 

0.289 

0,418 

2.828 

0,453 

0.4.32 

3 . 720 

0.597 

0.516 

0. lu 

1,802 

0,299 

0,334 

2.828 

0.470 

0,368 

3 . 720 

0,618 

0 , 430 

0,08 

1 .802 

0.322 

0.229 

2,828 

0.506 

0.272 

3.720 

1 o' 666 

i 0 .' 348 

O.C6 j 

1 ,802 

0,349 

0. 163 

2,828 

0,548 

0,193 

3,720 

i 0 7‘:>1 

i 0 259 

0.04 i 

1 , 802 1 

0,381 

0. 134 

2.828 

0.598 

0. 140 

3.720 1 

1 o:7il 

1 0. 18.3 


KepaMUKa 28^\, 

Hoii nopuemoemu (\\ 

= 1684 Ke 

m'-*) 




n pu 

— 3o , o C.,, 

t..=46.2. !: 

; = 52.4 C 



0. 16 

2. 127 

0.3191 

0.432 

3,9901 

0.599 

0.539 

4.607 

0.692 

0 , 58 5 

0. 14 

2,12/ 

0.339 

0,229 

3.990 

0,636 

0.298 

4.607 

0,735 

0,353 

0.12 

2. 127 

0,362 

0, 143 

3,990 

0,679 

0,203 

4,607 

0,784 

0.235 

U. 10 

2, 127 0,387 

0.097 

3 , 990 

0,727 

0, 151 

4.607 

0.840 

0. 182 

i.'.08 

Mi 

0,4171 

0.076 

3,990 

0.783 

0,112 

4,607 

0 ! 904 

0, 137 

0.06 

2. 127 

0,452! 

0.057 

3.9901 

0,849 

0.084 

4.607 

o ’ 980 

o’lOS 


06o3HaMeHHsi. 


a,„ — K034)4)imiieHT ;iii4)4)y3Hii B.xarH, m^/huc: o — xepMorpa' 
AiieHTHbiH K03(lj(|)imHeHT, \/epad: Yo — oO-beMHbiii sec a6c07iioTH0 

cyxoii KepaMiiKii, a — k03(|)cjDHu,HeHx xeMnepaTvponpoBOA- 

HOCTH, M-/WC: S — K034)(f)HmieHT (JiasoBoro nepe.xo^a-' r— v;iexb- 
naH xenjiora iicnapeHna boali, em-Hac/Ke\ t - epeMH, hoc; i — 
xeMnepaxypa, C; .v — paccxoaniie ox Haqa^ia KoopAHHax; — 
TOTimuHa oopasua, m; /?i — xoamiiHa HH>KHero ;incKa oSpasna, m- 
Qn — KoatpcpumieHT ;iH(i)4)y3iiH aoco.iioTHO cvxoro Marepiiaxa 
M-/Hac; — MaK-ciiMa.nbHoe p.iaroco;iepvKaHne Kepa.MHKn; 3„ 




XT - cy.\uiu AUlXepHa.la 

i/epacf: A — Koacfi^iHmieHX xenjionpoBo;iHocTn, eni/M-epad- q- 
y^e.xbHbiH xeiiiXOBOH noxoK, ew/.iP; s— n.ioma.Xb noBepxHocx: 
oopasua, .xeH<amero Ha HarpeBaxe.xe, .if-; Q — moiuhocxl no 
Tpe6viHe.MaH narpeBaxeneM, env, e — xennoeMKoexh BJia^KHon 
Marepiia-xa, em-Hac/Ke-°C\ Lu=a„j,a — Kpiixepufl .IbiKOBa. 


.1 H T E P A T P A 

Texiiaaax, nepfiioca b KaiiH.xiHpHonopiicThix To.iax. Fol- 

Mxj~'ah Ten-iorpusiiKU 

a B EpMO.ieiiKo. MO>K. 5, Ao iq. 1962 
4. M. r n piu. TexHiiKa cyiuKii. OHTM. Jl.— M., 1937. 
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r. T. CEPFEEB 

PACHET TEMHEPATyPhl HOPHCTOK CTEHKH 
nPH <I>HJlbTPAUHH >KHAKOCTM (EASA) 

npaKTHK-e qacro BoaMiiKaer HeoSxoaHMocTK 
T. n Bce Hame npuMenaraTca nopacTwe .larepHaaB, ‘™"Ha.aae 
o.\.ia.KiteHHH. naabiBae.Moro npn btom HcnapHxeibHbiM 

=£=SS=”;ss^-=SiS 

poaa.‘ ^ ® mibKo npn rpaHimubix vcmobmhx nepBoro 

Ha.MH saiiaMa pemaeTca iinn rpex pas.iHMHbix xei — Hpoma 

sa.MeHHexcH 3KBHBa.xeHrHOH cncxeMoii cocxoh- 

nacxoxa ^npaBeii.xHBo it.xn Ma.ibix SHaMeHiin BecoBoro 

pacxoaa ox.iawxiiaiomeM tkiukocxh (raaa) j {Kel.M^ . nac) Ox 

li H ^cnepu.MeHra.ibHbiMH Hcc.ieaoBaH.iajni 

i. n. i-'OManeHKo h Kj. FI. Ce.MeHOBa [9], xe.MneDaxvDhi >4CHnKr.- 
cxH II cke.xexa xe.xa pasHbi h npn 6o.xbiiiHx SHaqeHHHx Hpe^i- 


no.iaraexcH, mxo Ten..ionepe;i,aHa BHvxpii oopasua npoiicxo;],nx 
3a cqex Ten.ionpoBo^Hocxii cke.iexa xe.xa ii ox.xa>KAaiomefi 
>kh;ikocxh. Ko34)i|iiimieHXbi y., n a xakHve n.xoxHOCxb 

gvHilkOCXH npiIHIIMaiOTCH nOCTOHHHblMlI. Oo-be.MHaB nopHCTOCXb 
P oopaaua npHHHMaexca paBHofi noBepxHocxHofi, c.xeAOBaxe.ib- 
HO, B e;iiiHJiqHofi n.xoma;iH xe.xa, HopMa.ibHofi k noxoKv, n.xo- 
ma;ib ;i.ia noxoKa ox.xaTKiiaioiiien >kh;ikocth BHvxpii oopasna 




Pacnpeae.xeniie TeMnepaTypu b nopiiCTbix xenax: 


paBHa nopii™cxn x^e.xa, x. e. F.^ = P, a n.xomapb XBepAoro 
Cke.xexa F^^ -- l—F-^~ 1 — p. CkopocTb iiBH>KeHiiH h^hjikocxh 
B nopncTOM Te.xe Bospacxaex b P pas, a secOBOfl pacxo;i onpe- 
pe.xnexcH oxHomeHiieM /„j P. ^ 

CocxaB.xHeM iiii(|)(|)epeHmia.xbHoe vpaBHeniie, oniicbisaiomce 
paccAiaxpiiBaeMbin npopecc. Ec.xii qepes ceqeHiie x — /- (cm dh- 
cvhok) nepe;i,aeTCH xen.xoBOft noxoK ^ 


- c- ^ 

P — , 

dTi 


(1) 

rj,e 3(|j{|)ekxnBHbiH K03(})(|)iimieHr Teii,xonpoBopHOCTH xBep- 

sano.xHHKJiUHx o6x>eM xe.xa, /.g^ = ^ck(1 

^ -7kP; f — n.xomaiib noBepxHocxH xe.xa, yqacxBviomaH b xenjio- 
npoBOiiHocxH (F^F^^)^ to p:.xh ceqeHHH xj y- d r^^HMeeM 




= ^n • 


.^1 

dri 


dr^, 


(2) 


Ko.xHqecxBO xen.xa dq = q,^- HaKan.iiiBaeMoe a.xeMeH- 
xapHbiM oo-bCMOM xe.xa sa cqex xen.xonpoBo;iHocxn, cocxasnx 

, . dH , 

^'"34) I T dx, 

dx- 
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dQui = a,4,4- [ ~ r- + 2/-) dr. 

\clr- dr ) 


BbipasiiTb H qepes usMeHeHne remTOCo^tepyKa- 
^nL^? (rasa). TaK KaK ji.m n.ic^THHu 

MoL'nrnn /« HO TOTimHHe CTeHKrSTHX 

Te.l MOyKHO npHHHTb nOCTOHHHOH, TO 

dgu=^ f^c.^dt = j^c.^di, 

dq^=2-j^^c,Jt -i- r — ]dr, 

' drj (4) 

dQui = 4~jm<^yK ( 2rt — r- — ] dr 


u npaBbie qacTM saBiiCHMOCTeii (3t 

TwArb’ Hec.ioHxHbi.x npeoSpasoBamiH noavqn\i c.ieavfoiue- 

aH$$epeH^„a.^^.Hoe vpaBHewHe a.ia Te^,^epab■pB, nopiiSoro 


+ — (r 

d fr fi 


U = 0. 


nO-iy^eHHOM J1.1H C.lVqaH OAHOMepHOrO 

Te.MnepaTvpHoro nojiH h CHMMerpnqHoro craunoHapHoro Ten.io- 
oSMeHa, MeHBi c wHOKHTejie.M |„.= 4a5!i, .xapaKTepnayroT h3- 

MCHeHHe Ten.aoco4epa;aHiiH jKiiaKocxii, '?Ba apyriix c-iaraejibix 
onpe^eTiflioT TenyTonpoB07i.HocTb nopncToro Tevia. 

npH HcnapHTejibHGM nopiicTOM ox.iayK;teHHH VpaHimHbie' vc- 

./lOBHH M07KHO npe^CTaBUTb B Bn^e: 

t — ti npH ■^^= X = — 0 (njiacTiiHa); (6) 

i = ti npn r^ ~ r = /'i (m.i.7iHHiip ii map); 

^ -f p jm npn ~x = —Z; Y, = /■ = ( 7 ) 

rjie = 

no^BOiiHMoe K ropaqefi noBepxHOCTu 
’ P Ha HarpeB rejia sa cner Ten.ionpoBo.5- 

HOCTH H Ha HcnapeHHe >khjkocth. Ecmi ?.ck nxo iiMeex 
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-viecTO B OCHOBHOM, Korjia nepes nopHCTj'fo CTeHKy npojivBaeTCH 
ras, TO ero TenTionpoBOjiHOCTbio MOiKHO npeneSpeqb. Tor. 5 a 
>-s 4 ,= ?Ick(I — f). KpoMe Toro, cocxaBTiHiomaB oj^ = 0, 

SaMeTHM, HTo t = C- expg.^, /■, rzte — nocTOHnnan iiHTerpii- 
poBaHHH, HB.iHeTCH HacTHbiM pemeHiie.M VpaBHeHHH (5) il.lH C. 1 Y- 
P = ^ H r = 2. PemcHne .ztHtjKjtepeHUHajibHoro ypaBHennH 
(5) npn rpaHHHHbix ycTiOBHHX (6) u (7) jijih njiaCTHHbi,' nH.iiiH;tpa 
H mapa no.iynaeM cooTBeTCTBCHHo b Bnne: 


^ exp(s-^.A-) — exp(- 


(^'•A / — p /^), — 0 < .V 0; (8) 


- i J exp c.J'- 2 ) exp (r — / i) -f 


(aA / — p y„) / exp 


— — exp j exp E^, {/■ — /'i)- 
- (aA/ — o/^) /* exp Hj,./-, /'i - r.'r., 
:xp -i- /Co; :=== = exp l^r.. -f Ki: 


r-expl^,/- expE^,/'i e.' 
- ^ \^i ( — l-^r) — £. (— r,] 


Ej(Tj) HHTerpa./ibHO-noKa3aTe7[bHaa cjiVHKmiH, npoTaSvjiHpoBaH- 

Han B [8]. ' * ■ 

B pHiie npaKTHnecKHX c.iynaeB Heo6xo.5HMo anajiMTiiHecKH 
paccnHTaTb xeMnepaxypy CTeHKn co CTOpOHU xovio.5Hofi noBepx- 
HOCTH Te.ia ti. C STOtl uejibio cocTaBJiaein Ten.iOBoft OajiaHC .a^ia 
oo.iacTefl — cc < A- < — S (nviacTHHa) ii 0 r < /y (miviHH.HP 
It map). ■ 
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Ko./iHqecTBO TeRvia dq, Hak-anviHBaeMoe s.ieMeHTapHHM o6-bp 
MOM Te.7a 3a c^er npoeoiin.MocTH, „;ieT na iiSMeHeHn^ren 
coiiepjKaHHH 7KH4KOCTH dQ, np.tqeM dq onpe;ie.iHeTcr no coo?' 
HomeHHHM, no4o6HBr.M (l)-(3): 

Qn= 

Qix = 2 - rc.^L^ / / „ Zi. \ . 


rioc.ieiiHee yc.aoBne npe/tnonaraer paseHCTBo ren.iOBbix no- 
TOKOB Ha rpaHHue paa/ie.ia cfias, x. e. na rpaHnue conpiiKocHOBe- 
HHH thhakocth (xasa) h cBo6oja,HOH noBepxHOCTH rejia. 

PemeHHe (14) npH rpaHHMHbix vc.xobhhx. ( 15) h (16) a.th n.xa- 
CTHHbU HH.XHHApa H UJapa HMeeX COOTBeTCTBCHHO BHii: 

t^--= exp (■'■ + S) — igSj +(„, (17) 


= 'd-v 


napa.Mexp /,„ (Ke/.u- ■ nac) onpeAe.iHer hotok 
B ceneHiiH npn r = r^. 

Tak- K-ak dQ = ^.q 




dQux= 4- (/,", n) ^ dr. 

dr 

BbipavK-eHHH js.jin dq h dQ, nojiVHiiM ;iHc|)()3epeH- 
nen^vop KOTopoMv ;io./iHCHa yAOB^exBopHTb xe.vi- 

nepuxypa naoeraiomero rioxoka HvH;^kocxH (rasa): 


^ SHanemiH J ;ijih n.;;acxHHbi J = j,„, mimiHjipa J = J = 

~ (Ke/M-Hac) H mapa y = /; ,7 (;c^ r/flc) xapakxepiisvtox 
rnajire^Hmmv noxoka Bemecxsa Ha e^iHHHuv ri.io- 

J paHHHHbie ycjiOBHH AAH (14) MoacHo npeiicxaBHTb b Biue; 
^iK=^o npii A' — — oo (naacTHHa), 

npH /' -= 0 (UH.XHH4p M u/ap), ^ 

. ^ . dt 

. — '-3(14 — npH ■f^ ^ X = — 0, /|0. 


iyK= — expE^A/') +aA/— 

iyK= ^ '■) + ^—9 /».] + ^0, (19) 

rjie 

?n '= */'n<^>K '^>k; iui= •^uiC'^kAjk: 

‘4 - 7l«= = X>K=.u^^" exp (— EujA-i). 

yHHXbiBaa, HTO t.^\x=-<'. = ti (nviacxHHa), a ^3K|r=o = (uh- 
-THH^p H uiap), H3 (17)— (19) nojiyniiM xeMnepaxypy ti xpex 
HCCviejiyeMbix xe.x: 

/, = (c^ t - p,„.) + (20) 

I z= ^ P im (21) 

exp (;^,A /') 

^ _ -» ' ^0 ~h P im (22) 

. '-3c}.^cc. exp (E-^A /■) 

TaKHM o6pa30M, sHaaeHHH t\. BXo;iHUi,He b (8) — (10), moh^ho 
onpea,e,aHTb H3 cooxHomeHHH (20) — (22). 

Ec.xh H3BecTHbi TeMnepaxypbi na ropaneft ii xojiouhoh noBepx- 
HOCTH CTCHKH, TO peilieHHe VpaBHeHHH (5) npH rpaHHHHblX yc.xo- 
BHHX nepBoro poj^a 

i = ii Hpii fi = A- = — o, / = tn npH A- = 0, (23) 

i =ti npii ti = r = i\, t = t.2 npH r = r.n (24) 

iLMeex Biiit: 

t = fe-Md-expS^AT) _ ^25) 

1— exp(— t^.o) 

^ [ 1 exp E-,.. (/■ — /'i) + h -y exp E^. {r — r.), (26) 
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'H 7; J "-'P- (27) 

~ ^ + ^0, (281 


;ie.\p (—l.j- 






/, = (/,_ /„),exp (— 5) _j_ 

~ r, exp (_ E„A .) + 

'■~'=®^P(-S»'iA + /„|^,y:;Texp|„,-,, ,33) 

(n^iacrnHa) h r, ^ x = „ 

'.-4 

(34) 

= 77; ""P <- ==■'■.)- (- 5„/,)l - (35) 

'^■'P*~--'^’'~'2'^-'‘P(— IeA)| — (36) 

H3 aHajiH3a peuieHuft (8— lO) h (20) ~ (99\ 
oo^Bu.MX B„a«H„fl Ten.,oe«KocT,! ™ 


nepaxypa njiacraHH, TOHKOCxeHHbix uH.niiH 7 ipa h uiapa npiiO.in- 
TKaexcH K xeMnepaxype oxTiaacAaiomeft >kh;i,kocxh (rasa) /q. 
TcMnepaxypa cxchkh xaK/Ke cxpeMuxcn k ecTin oo, npii 
3 XOM, KaK cJie^iyex h 3 rpaHiitiHoro yc^iOBiia ( 7 ) h pemeifHft 
;iJiH t H ti, Ha ropHHeft noeepxHOCXH xejia xeMnepaxypa hsmc- 
HHexcH CKaHKOo6pa3HO. npii >. 34 , -> 00 jiaa xeMnepaxypu cxchkh 
xejia (nviacxHHbi, un.iHH;i:pa 11 mapa) HMeeM cooxeexcxBeHHo: 
^ = ^o + Y» t + t y=-— J ..... 

Hs saBHCHMOcxeft (25) — (27) h (31) — (33) moh<ho saKJiioHnxb, 
qxo TiJiH aoTibiuHx eecoBbix pacxoiiOB c») n^ii 6o.ibiiiHX 

xenjioeMKOcxefl (Cai-^*^) xeMnepaxypa cxchkh, KaK 11 b (npe- 
;ibi;i,ymeM CJiynae, onncaBHOM pemeHHHMn (8)— (10) ii (20)— 22), 
npHOviHjKaexcH k xeMnepaxype ox.aa;i;Hxejisi to. AHajiorimHoe hb- 
jieHiie HMeex Mecxo, Kor;ia KoscbtJjHuneHx xenjionpoBo;iHocxn 
He6o,/ibiuoft (^34,-^ 0). Ecvin nee -^0 HvIii 0, xo xeMnepa- 
xypa xejia (nviacxjfHH, mijinHapa n mapa) npH67iH>KaexcH k xeM- 
nepaxype cxenKit t.^ co cxopoHbi ropaneft noBepxHocxH. 

06o3HaHeHHfl 

vj — npocxpaHcxBeHHaa Koop;mHaxa; F — nocxoHHHoe hhCwIO 
ATifl HeorpaHnneHHoft njiacxHHbi F = 0, = .v; 71,151 HeorpaHii- 

neHHoro unTinHApa F = 1, ri~r; 7j.7i5i mapa F = 2, r^ = r): 0 — 
xoTimima miacTHHbi; 4, n t.y — cooxBexcxBeHHo xeMnepaxypa 
OK'pyjKaioinefi cpejibi, cxchkh co cxopoHbi xo7io;i.Hoft n ropanefl 
noBepxHOcxH xejia; to — xeMnepaxypa ox,ia>K;i.aK)meH jKHiiKocxn, 
oecKOHeHHO yTiavieHHOH ox xo7io;i,Hofi noBepxnocxn njiacxHHbi, 
Ha ocH i];H7iHH;i,pa hjih b uenxpe mapa; 0 — xen.ioxa napoo6- 
pasoBaHHa; c — K034)4)HUHeHx xenTioeMKOcxn; /y n /o — cooxBex- 
cxBeHHO BHyxpeHHHfi n &HemHH5l paAiivcbi uminHApa h mapa; 
K= l/n Ki = l/iy, K.2= l/ro; ^r==r..— rl 

HH^eKCbKCK — ck'ejiex xBepnoro xejia; m — oxTiaavTiaio- 
m.aH >Ktf;i,KOcxb (ras); n — njiacxima; u — mmHH;i.p; m — map. 
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-‘i. c. / ntidbyHi . K. B. ruCUHA 

HCCJIEilOBAHHE REPEHOCA BO;i.5IHOrO RAPA 
RPH CyBJIHMAUHH Jlb^A 
B KARHJIJI5IPHOROPHCTOM TEJIE 

Hpn aocTaroMHo iiHTeHciiBHOM HarpeBe MaTeDIIa^a 

BH.VTPH MaTepL.-,a npeB^mae, cZo 
nepeHoca ^,accM aeiuecTBa. Bc.ieacTBHe aroro BHvrprMaS.a 
BosHHKaer rpaaHeiiT oBmero aaB.ieHHa, KOTOpbn/oKasIiBMT 
MomHbiM (jja^opoM nepeHoca .Maccbi. TaKoii npouecc nepeito 
(JJMbTpauHH napoBO/iHHOH CMCCH Mepes nopHc-?^ 

cpejbi. B.-iaro;iapH rHiipoiiHHaMH^ecKOA.v coppothbLhh.o c, 

.lera KapH.i rinpHonopHcroro raia cna,i Bo'aHHKUiero usI^tohho 
PPH^eM^^T (pe.iaKCaUHB) npOHCXOJlHT c HSBecXHOH CKOpoCTbl 
npnoS OTMCTHTb, MTO CTenCHb HHepUHOHHOCTH npOUeCt 

aaBHCHT OT HHTeHCHBHocTH HarpeBa H nopHCTOCI 
.MarepHa.^. 3to HBjieHHe npii HHTewcMBHOM HarpeBe obno o6h 

Eb [I], r. A. Mbkchmobhm [ 2 ] S' 

ABTopbi oo.ibuioe sHaneHiie b nepenoce napa npH^aiOT rpa^neHi 
^ rpaiiHeHTy TeMneparypu. Heo6xoiiH]\io or.MeTHT; 
HTO 3TH HCCneilOBaHHH BblPO.lHH.lHCb Ppil aTMOCCfaePHOM 7 iaRT< 
b™Sh pesyaBTaTB. L 

nfiMPR ^ ^ BHyrpeHHHH ren.Tio- h Maccc 

HH^MP nS ' cy6.iHMauHeH HAieer cboh ocoSeHHocxH b Aiexa 
H3Me nepeHoca xen.ia h Beipecxsa h ne .MOH<ex 6bixb cpaBHHi 
c n^enocoM xen.xa h semecxsa npir iipvrHx Mexoiiax cviSkh \3 

Hcnapenne HannuaercH c nc 
p.epxHocxH Maxepna.ia, aaxe.M aona cvfi.nHMauHH \T.nv 6 .nHexc 
“ Hcnapeinie nponcxojiHx vHve na HCKoxopoi 
Ki>6HHe, no .MneHHio oamix aexopoB [4], no .MneHnio jipvthx [5?- 
noBepxHocxH cye.iHMamjn, Koxopan pasHOMepHO vr.ny 6 xHexc 5 
B BemecxBO. Hcxo^h ns sxoro ycnoBnn: X. Kecc.nep > onpeaein! 
pacnpen,eneHne iiaB.ieHHH b oopasne no 4>opM\Me 


Po6r, - Pc. 





B pesynbxaxe yniyaieuHn noBepxnocxn cy6.iH.Maunn o6pa- 
syexcH cyxoH c.ion BemecxBa, Koxopbiii oKasbisaex snannxe.ibHoe 
conpoxHBneHiie noxony napa. Ho Mepe yxonmeniiH cyxoi'i npo- 
cnoHKH rHjipaB.iimecKoe coripoxn.B.ieHne nopncxoii cxpynxypbi 
pacxex, BMecxe c hum yBe.iimHBaexcH s.aB.ieinie BHvxpn nopn- 
cxoro .Maxepnana. Pesy.Tbxaxbi nccne-xoBaHiiH no BbiHB.ieHnio 
B.iHHHHH nepeMemeHHH noBep.xnocxn pass.e.na tjias b KanH.i.THpHO- 
nopncxbix h KonnonjiHbix xe.xax na npouecc xen.io- n .MaccooS- 
Aiena npn cy6niiMamin b Bauyy.Me npiiBeueiibi b [6, 8]. 

HaMH cxaBimacb uebib SKcnepiiMenxajibHbiM nyxeM cnuxb none 
jaaBneuHH h xe.Ainepaxypbi b o6pa3ue n cBHsaxb 3 x'h nccnenoBainiH 
c nepeAiemenneM noBepxHOcxn pasuena cjjas. 

B npouecce cyonH.Mamin Sonbuian qacxb Bnarn b KaniinnapHO- 
nopncxoM xene naxouHXCH b saMOpoueHHO.M cocxohhuh, nosxo.My 
nepeHoc ee ocyuiecxBnnexcH b ochobho.m b Bnae napa. Hoxen- 
unan nepenoca napa saBHcnx ox .AiexanHSMa nepenoca n ycnoBun 
conpnjKeHHH xena c oupyTuaiomeH cpe^oft. Oepenoc napa ocy- 
mecxEnnexcH nyxe.M 7iii^'4)y3HH, 34>(|)y3HH (.MoneKynapHbiH nepe- 
Hoc) H MonnpHbi.M nyxe.M. Hannune rpajmenxa o6Luero jiaBJieHHH 
yrP BHyxpn Kanujinapnonopncxoro xena n Bbisbmaex MonapHufi 
nependc naporasoBori CMecn. r[.H4){J)y3iiOHHbiH noxoK napa 
npHMO nponopuHOHaJien rpa^nenTy OTHOCHxenbHoro napn,nanb- 
Horo AaBJieHHH h neKOTopoMy SespasMepnoMy ko3(|)(|)h- 

mieHTy £„, xapaKTepiisyiomeMy conpoxHBTieHiie /tiicJi^ysHH napa 
BO BnauvHOM nopiicTOM xene. B cnyuae 34)4)y3HOHHoro nepenoca 
noieHUiianoM nepenoca napa aB-ineTcn oxHOuieHne P/|/T^. npn 
H30TepMHqecK-nx ycnosnax (T const) hotok napa 6yjieT npo- 
nopniiOHanen y P, a CBie;iOBaTejibHO, n V® [7]. 

Ochobhoh saKOH nepenoca seuiecTBa b KanHnjiapnonopH- 
cxoM H KOJinOH;iHO.M xejiax mo>kho Banncaxb Kan 

im = — tt]; YoV ^ — P. 

no 4>n3HqecKOMy c.vibiCviy K03{|)4)imHeHT xapaKxepnayeT 
iinepuHonubie CBOiicxBa xena npn pacnpocxpaneHun nojiefi no- 
xenmiajia BemecxBa n xenna. 

riepBbiH qnen ypaBHenna HBnnexcH BbipajKeHneM B.xaronpo- 
BO.UHOCXH, X. e. OH HOKasbiBaex, qxo nepenoc BemecxBa ocyme- 
cxBnnexcH aa cqex' rpa jrHenxa BnanvHocxH .Maxepnana; b namHX 
onbixax 3XOX rpauHenx neBenHK. 

Bropoii qnen ypaBHennH Bbipa>Kaex xepMOBnaronpoBO.HHOcxb. 
Oh noKasbiBaex, qxo nepenoc Bnarn npoiicxo/iHx h sa cqex rpa- 
nnenxa xeMnepaxypbi b oSpaane. 

Tpexiift qnen ypaBHenna /Cp v ^ vKasbiBaex na xo, qxo ne- 
peHoc napa b KaniinjiapnonopncxoM xe.ie ocynjecxBnnexcn aa 
cqex rpanneHxa o6uj.ero itaBnenna vP. 

83 
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o6pa30i\!. nepeHoc BeuiecTBa b Kann.inHpHononiirTo^r 

HHTe.nbHbiH c|)aKTop nepenoca BemecTBa (yP). 

IX^nsi Hcc.ieAOBaHHH npouecca nepenoca BemecTBa cBnsanHoro 

B oSpaaue iisMepnjiocb c r- -.fC 

nOMOLUbK) HHT>eKli!IOHHbIX A 

urn id, =] „^^==o,5.tuO, ^4- / / 

pacno.iO/KeHHbix no bw- / /\ 





Pnc. 1. CxcMa ycTaiioBKii 


Pile. 2. BaBiiciiMocTb paaiiocTii .iaB.neiniB 
It TeMriepaTypfai ot BpeMeiiii (ij" = 0 , 36 ): 
I — lipH /?-I 0-5 = 20 2 _ n- -i ,,,. , 


Dnr-,j,°®St Ka*iib.e 5 - 10-‘ ot noBep.xiiocxi, .Mare- 

na^i' n^B.ieHHH CHHMa.THCb HO MaC.THHOMV U-o6- 

-MaHOMerpy, b o6ohx KOHuax Koxoporo b Haqa.ibHbiii mo- 
_eHT Bpe.vieHH co3:iaBa.iocb jiaB.ieHiie, paenoe iiaB.aenHio cpeiibi 
Onb,™ npoBOiiH.T„cb c KBapueBb,,, necKOM, .xapaKTepHc”,,™ f<o- 
Toporo npHBejeHbi b rae.T. 1 pafioTb, [6], OecoK Bacbinricfl b ,m. 
•THHap H3 opraETHBecKoro CTeK.ia d=eo- lO '* H h=85- IO-^^ie 
KOT opbiH ycTaHaB.iHBa.icH B Baivyy.MHOH KaMepe (puc 1) Tenio 
BMHl^H^^nan ^ nOBepXHOCTII n C 3TOH HCe nOBepXHOCTIi OT- 

oihhpkL ^ OKpy>Kaiouiyio cpeiiy. OnuTbi npoBo^H.iHCb npH 

nbi 133,3 H/M , TeMneparypa raaoBofi cpenbi 45 ° C h re.Mnena- 
Tvpa noBepxHocTH reneparopa xen.ia 50° C). Hana.ibHoe B.iaro- 
co^ep>KaHHe Maxepna.ia obi.io onHHaKOBoe HeaaBifCHMo ox^ niic- 


nepcHocxii Maxepiia.ia L'o = 25%). B xoae 3KcnepnMeHxa H3Me- 
pn.iHCb no.iH xeMnepaxyp c noMombio .Menb-KOHcxaHxaHOBbix xep- 
Monap d = 0,\ ■ IQ-''* m. naxHHyxbix na n.ieKCHx.iacoBvio pa.MKy, h 
no.iH ztaB.ieHHH. TepMonapbi h nHteKUHOHUbie iir.ibi naxoiiH.iHCb 
B OilHHaKOBblX HSOXepMHMeCKHX yC.lOBHHX. 

Ha puc. 2, 3 /tana saBiicuMocxb AP = P(,j-,p — ^ cp ox t ji.ih pa 3 - 
.iimnoH nopiicxocxH Maxepiia.ia. B Hana.ibHbin MOMeux BpeMemi. 





/ 

7 




/ 

/ / 


a- 2 
^-3 


A 

7^ 7 

ks. 


->■-5 

^-s 

0-7 


" * 






Pile. 3. Samicn.MOCTb AP or t(\ 1} = 0.42). OSoanaiie- 
HiiH xe H\e, ^TO na piic. 2 

Kor:ia .leuHnan noBepxHocxb naxomixcH eme na noBepxHocxii Ma- 
xepna.ia.^A P ao.i>KHo paBHHXbcn (X; b namiix onbixax A P ne- 
CKO.ibKO oo.ibuie 0 3a cnex aameM.ieHHoro Boajiyxa b nopax Ksap- 
ueBoro necKa. Kan nBBecxHo, cy6.iHMauHOHHaH cyiuKa, Kan h .iio- 
6aH ^pyran cyiUKa, xapaKxepnayexcH nepHOjioM hocxohhhoh h 
na^aiomeH CKopocxH cyuiKH. PaccMoxpHM, naK HaMennexcH AP 
b 3XHX c.iynanx. 

B CBH3H c xeM nxo HBiMepenne A P npoH3BOii,H.iocb npii no.io- 
HvHxe.ibHOH xe.Mnepaxype (Bbiuie 0 °C), hbm He yii,a.iocb aaMepHXb 
A P B nepHo.ie hocxohhhoh CKopocxii cyiUKii. Cefinac mo>kho 
xo.ibKo npe.ano.io>KHXb, iok OyiieT Ha.MeHHXbCH A P ox x b nepiio- 
iie HOCXOHHHOH CKOpOCXH CyiHKH. floCXOHHHaH CKOpOCXb CyUIKH 
xapaKxepusyexcH hocxohhhoh HHxencHBHOcxbio cyiuKH, hoctohh- 
HOH CKopocxbio yr.iyO.ieHHH noBepxHocxH pasjie.ia (Jiaa h, c.ieno- 
Baxe.lbHO, HOCXOHHHbl.M JiaB.ieHHeM B pas.lHHHblX XOMKaX xe.ia, xaK 
KaK HcnapeHiie npoHcxoiiHx npn hocxohhhoh Te.Mnepaxype cy6- 
.iii.MaHHH. Becb npouecc cyO.iH.MauHOHHOH cyuiKH oOpasua cTie- 
nyex paccMaxpuBaxb hoc.iohho (ho xo.imiiHe Maxepiia.ia). Ha 
r.i^OiiHe 5- 10~^ m nepHou hocxohhhoh cKopocxH cviukh naexv- 
naex paHbuie, ne.M na r.iyOuHe 10 • 10~^ m, xai-c iok conpoxHB.ie- 
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Hite cyxoro c.ioh ;iBH/KeHHio napa c myCiiHon Boapacraer h, cne- 
aoBaxe.TbHO, mcm r.iy6>Ke yxoiiMT noBepxnocTb cyonuMauHn b bc- 
meCTBO, TCM MCHbLUe CXaHOBIITCR nepnojl noCXOHHHOli CKOpOCXM 
cyijjKH H xe.M no3/Ke oh nacxynaex. 

Ho Mepe \T.Ty6.TeHHH nosepxnocxH cyS.iHMamiM b BemecxBo 
napy neooxoiiHMO npeo,T.o.Texb conpoxHB.ieniie nop. Mom nyo/Ke 



vxoziHx noBepxHOcxb cy6.iHMauiin b BemecxBO, xe.M So.ibUJH.M 
cxaHOBHxcH conpoxHB.neuHe cyxoro c.noH. Xoxh niixeHCHBHOcxb 
cviiiKH Bce Bpe.MH yMeHbinaexcH, paanocxb jiaB.xeHun A P no- 
cxoHHHo VBe.THMiiBaexcji c r.iyoHHoii aa cnex xoro. mxo cKopocxb 
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napooopaaoBaHHH npeBbiujaex CKopocxb oxBoaa napa. A P na oj- 
Hofl my6HHe CHUHiaexcn no .Mepe npoxeKannH npouecca cyniwn 
B CBBSH c yBe.xnqeniieM xeMnepaxypw na axon r.xvSnHe n CHnH<e- 
nne.M HHxencHBHOcxH ncnapeHnn. 

Ha ana.inaa i-cpuBbix pnc. 4 BbixeKaex, nxo xo.nmuHa aoiibi cyo- 
.an.MauHii aaBHcnx ox nopncxocxH MaxepHa.na. He.M ooabme nopn- 



piiCTocTii Marepiia.ia: 

/ — /l = 15-10-3 .v; 2 — 10-10-3; 3 — S -at)-* 

cxocxb Maxepna.ia, xe.M .MeHbuie xojimHua aoHbi cv6.xH.MauHK 
(KpHBbie pacnpejie.xeHHH xe.Mnepaxypbi h jxaB.ieHHn BbinpnM.in- 
kdxch). c.xeaoBaxe^ibHO, nanaex HHxeHCHBHocxb ncnapeHHn, xaic 
KaK CHHHvaexcH cyiMMapnan njiomaab ncnapeHun ajih necKa il- = 
= 0.42. Ho .Mepe Bbicbixaunn Maxepnaaa r^aB.xenne b o6pa3Be 
CHHHvaexcH H npH6.iH>KaexcH k .aaB.xenHio cpejibi, a xeMnepaxypa 
B -Maxepnajie Boapacxaex h npH6.iH>KaexcH k xeMnepaxype cpeTtw. 

Ha pnc. 5 npHaeiiena aaBucHMocxb A P ox nopncxocxH .Maxe- 
pna.ia. 3xox rpa4)HK eme paa nozixBep>Kaaex naiiiH BbiBojibi, qxo- 
no :\iepe yr.iyG.ieHHH noBepxHocxn cydanMamin AP Boapacxaex 
H ne.M xienfaiue nopncxocxb Maxepna.Ta, xe.M Bbiine jiaBneHne b o 6- 
paane na ojiHofi n xofi a-ce r.xy6HHe h xem Bbime iiHxenciiBHocxB 
iicnapeHHH, nxo n ox.Meqajiocb b [ 6], 

06o6meHHe peay.ibxaxoB SKcnepHMeHxa.xbnoro HCc.aeiioBaHHH 
;iaex ocHOBaHne czte.xaxb c.ieAyfomne BbiBo;ibi; 

1. rparineux jiaB.aeHiiH b o^paaue, BoannKatomufi npn ncnape- 
HHH .Tbiia B Kann.i.iHpHonopHCxOiM xe.xe npn cyO.XH.Maunn b Bany- 
yMe, HB.xnexcH Ba>KHbiM cfiaKxopoM nepenoca Maccu. 

2. HoxenuHaji nepenoca Bemecxsa aaBHcnx ox nopncxocxn .\ia- 
xepna.xa: ne.M MeHbuie nopncxocxb Maxepna.aa, xeM Bbime noxeH- 
mia.x nepenoca BemecxBa h xcm Bbime nHxencHBHOcxb ncnapeHHH. 

3. Ha HaMenenne noxeHuna.ia nepenoca BemecxBa onaabiBaex 
BHunnue nepeMenienne noBepxnocxn paaAe.ia (J)a3 b my6b Maxe- 
pna.ia. ycxaHOB.ieno, mxo no Mepe Boapacxanun xeMnepaxvpbi Ma- 

87 ' 


Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 





Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


mm 


^ oSpasue cnn>KaeTCfl h npHo.iHvKaercH k jias- 

4. ycraHOB.ieHo, 4 to HSMeHeniie .laB.ieHUH (vMeHbiBeHne u 
BospaeTaHiie) ooyc.noB.Teno cooTHOLueHne.M CKopocrii napooopa- 
aoBanuH II CKopocTii OTBOiia napa. 

0603HaHeHH5} 

^ yr.iyovieHMH noBepxHOCTu cvo.inMamiii c yqe- 

TOM K03(|j4)iimieHTa conpoTitBJieHUH MiirpaunH napa m ceK- a — 
HHTeHCHBHOCTb hCnapeHHH , AV/.U^ - S -paCCTOHHHe OT noBepx- 
HOCTII MaxepHa.'ia ;io noBepxHocxH pasiie.ia (jjas, m: A P =- P — 
Pep — pasHocTb iiaBJieHiiH b o6pa3ue h cpe;ie/A-a ’if-; — B^ia- 

roco:iep>KaHiie MaxepHa.na b iicxo;iHbiH momckx BpeMenn- xl — 
Hana^ibHoe B.-iaroco^iepiKaHne; /C;. — KostJifJnimieHx nepenoca Be- 
^oycTioBJieHHbift rpa;tneHXOM o6mero j^aBJieHiiH yP; n — 
nponopmiOHa.ibHOCXH wejKjiy n.iioxHocxbKD noxoKa 
^ ” rpajtnenxoM o6-beMHoro B.iarocoAepjKaHHa sj U 

iiJiH y?; — cyMwapHbifl noxoK Bemeexsa. 


n H T E P A T P A 


3. n. il. .1 e 6 e 


L-B. CyujKa iiHcjipaKpacHbi.Mii .iVMaMn. rocbneproiisaaT, 


J955. 

«.kX np°oTSal"r9T'^'’'""''" " 3Hep™T„-MccKa» 

3. A. B. .IbiKOB. -MoneKy.iHpHan cyujKa. niimenpo.MMBaaT. 1956 
s Y r cyuiKa. roc^Heproiisaar, 1950. 

c !-■ c Chemie inginierir-Technic, Ag 3 196*^ 

- A R T I40>K, VII. A'o 5. 1964. 

Mbj. .ah BCCP, 1961 '^opeTimecKne ochobw CTpoHTe.ibHoii Ten.iotjjnaiiKii. 

1963^' Ten.io- n Macconepenoc. t. III. rocaHeproira.iar. 


r. A. KAcrrAPHH 

‘^CCJIEAOBAHHE nPOUECCOB 
TEnjlO- H MACCOOBMEHA FIPH TEPMHMECKOH 
OBPABOTKE EJIMH H KAOJIHHOB 

"P°^^ccoB xen.io- II Maccoo6MeHa b Ko.i.ionii- 
Hbix Kanibi.inpHonopiicxbix xe.iax saHiiMaex BeAvmee Meexo b xe- 

SnlieTr" MaxepHa:aoB npaBrbH^^^^ 

Bonpoca nosBo.iiix HHreHcii(|)imHpoBaxb 3xn npo- 
ueccbi. co3ifaxb onxnMa.ibHbie pe>Kn.Mb., no.ivmixb BbicoK.ie anep- 

I°>TnpoT;rr^ '-MecTBo B..n-jKa?- 

cba30BMp“n”vM^“'"'“ o6pa60TKe iicnuTUBaioT 

TOBu3,lhP ' tI conpoBo*aaiom.iecH Ten- 

V OBbiMH 3^(l)eKxaMH 3HHO- H 3K3oxep.M HqecKoxo xapaKxepa Ten- 

"«»-Py*"Ba'OTCH .^,eToao^f „a. 

Hb,x‘^BZprTrM^'‘S“'"”' "" ■^«P''‘'‘'«Kof' 06pa60TKe M.iHepa.ib- 
b!\ BemeexB [1—4] n noc.ieAyiomne paSoxbi [5—8] nocBamenbi 
ocHOBHo.M ycxanoB^ieHino BemeexEennoro coexaBa (bnanKo-xn- 
Cnv? " npOHCXOTKiieHHE BceB03MO>KHb,T Mirnepa- 

.40B, pyii^ co.ien, Mexa.3.30B, cnjiaBOB ii x. a- ^ 

B paooxax [9. 10] na ocHose coBpe.MenHbix npeitcxaBieHiifi 
rbiTn npiiBeAenbi peay.nbxaxbi sKcLpnMenxJ^^L 

^ Hcc.ieAOBaHnii HecxamiOHapnoro xen.4o- n 

.laccooSMena npii 4)a30Bbix h xHMimecKiix npeBpamennax 

Da3LioT‘iU”Kan^^^,°^ TC.MnepaxypHbie no.m neKoxopbix o6- 

p 3403 H3 KaoAiiHa, a xaKjKe aMniipunecKiie saBiiciiMocxn mn 
?peBa”"^ KHHexiiKH o6H<iira npn paaauMHbix xeMnax na- 

” Ka04HHbI HBnBIOXCH OCHOBHOfl COCXaBHOli qacXbK) 
Bcex Kepa.MimecKHx Macc n b HaiiSObibuien cxenenn onpeneiaior 
Ba>KHeHmne nx CBoncxBa, no3xoMv o6-beKXOM ucCbiejioBamiB bbi 
opaHb. HMCHHO 3T„ KO^, nOHeHTb,. 06>KHr 3T„x MaTeDHa lOB f- TH- 
nnqnbiM HecxamioHapHbiii nponecc, npoxeKaiomiin npn iinxenciiB- 
hom Ten.™- „ MaccooBMene non neftcTanex, HecKo.TbKnx Tep "oin- 

"reL'na.Ta "epenra^'^"”'””""'^’’ “ ^Pa^^e"„Ta^,n 

<I>eHoMeHO.TOrnnecKan Teopna nepenoca ne naer oTnexa na 
xanne nB-Tenna. ran nan b «x ocnoBe .Te*aT 3^mHpH^ecKne sa 
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KOHbi Oypbe, OiiKa h jip., nonvMeHHbie HecBaaaHHbix npouec- 
COB Ma.^OH HHXeHCIlBHOCTII. 

OjtHaKo B pHAe npaKTimecKiix cAVMaeB, BbisBaHHbix pasBn- 
TueM BaTKHeHuiHx TexHimecKiix npooAeM (aTOMHan SHeprernKa. 
MHoromic.neHHbie Bonpocbi xiiMimecKou TexHOJionin h Ap.), bo 3- 
HHKaer HeoSxoAHMOcxb iiccAeAOBaHiiH BaaiiMocBflsaHHbix ii Bsa- 
iiMoo6ycAOBAeHHbix npoueccoB. Ms xeopnn OHsarepa cAeAyeT. 
qxo B HHxeHCMBHbix npoueccax MOAeKyAapHbift nepenoc semecxBa 
npoiicxoAHx He xoAbKo B pesyAbxaxe HaAiimtH xpaAneHxa xiimh- 
qecKoro noxeHunaAa, ho h hoa A-noxBueM xpaAiieHxa xeMnepa- 
xypbi. MoAeKyAHpHbiH tkc nepenoc xenAa onpeAeAaexca He xoAb- 
Ko xenAonpoBOAHOcxbio, BbisbiBaeMofi xpaAiieHxoM xe.Mnepaxypbi. 
HO H AH^JflJysHOHHbiM HepeHocoM Maccbi, Bbi3BaHHbiM xpaAneuxoM 
xiiMHqecKoro noxenmiaAa. B oSmeM cAyqae yAeAbHbie noxoKii 
xenAa n BemecxBa onpeAeAJHoxoa cHcxeMon AHHeiiHbix ypaBHeHufi 
Onaarepa, Koxopyio mo>kho aaniicaxb tbk: 

= (i = J, 2, ...). 

/C=l 

3x0 ypaBHeniie ynasbiBaex iia BsaiiMOCBHSb h BaanMOBAHjiHiie 
MOAeKyABpHoro nepeHoca aHeprim h BemecxBa. 

I AHHbl II KaOAHHbl C (})H3HKO-XHM HMecKOH XOMKII 3peHH5I HBAfl- 
iOXCH KOAAOIIAHbIMII KanilAAHpHOHOpHCXblM H XeABMII, KaMeCXBO 
Koxopbix onpeAeAaexcH (Jiop.MOH cbh 3 ii BAarn c MaxepiiaAOM. 

BnyxpeHHHii xenAO- ii Macconepenoc npH Harpeae ii oSjKiire 
3XHX MaxepnaAOB aaBiicHx ripe}«Ae Bcero ox c|)opMbi cbhsh BAarii 
c AiaxepiiaAOM, ero xeMnepaxypnoro cocxohhhh, koaaohahoh ii 
K aniiAAHpHonopiicxoH cxpyKxypbi h paaMepoB naAeAuft. OxciOAa 
CAeAyex, qxo xeopnn ii npanxiiKa SKcnepiiMeHxaAbHoro hccacao- 
BaHHH npoueccoB cyiuKii h o6A<iira ocHOBbisaioxcn na Asyx nayq- 
Hbix HanpaBAeHHHx: xenAO- ii MaccooSMene npii ^laaoBbix h xii- 
MiiqecKHx npeBpameHHHx h yqeHiiii o (|)opMax canaii BAani c Ma- 
xepKaAOM [11 — 13]. 

HccAeAOBaHiin KUHexiiKH ySbiAii aeca (MaccoodMena) npH na- 
rpeae H oSacHre khoahhob ii pahh npii paaAHqnbix xeMnax narpe- 
sa npoBOAiiAiicb na cneuHaAbHoft aBxoMaxHqecKoi’i ycxanoBKe — 
xepMOBecax, noApo6Hoe oniicaHiie h npHHuiin AeficxBun Koxopbix 
AaHbi B pa6oxe [14], 

npii HccjieAOBaHHH xeMnepaxypHbix noAefi miAHHApnqecKHx 
oopaauoB B ueAHx noBbimeHHn npemiaiioHnocxn b iiaMepiixeAbHyio 
uenb OAHoro h 3 31711-09 6biAo BMOHxiipoBano mecxb H3MepHxeAb- 
Hbix MocxoB. TaKiiM o6pa30M, xeMnepaxypHan uiKaAa 6biAa paa- 
6iixa Ha mecxb nepeKpbiBaiomnx Apyr Apyra AiianaaoHOB, b pe- 
syAbxaxe qero norpeuiHocxb HSMepeHiift xeMnepaxypbi yMeHbmii- 
Aacb B HecKOAbKO pa3. 
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BbicoKan xpeooBaxeAbHocxb k iiaMepiixeAbHbiM npiioopaM Bbi- 
sBana cao^khocxbio iiccAeAyeMbix npoueccos, a xaKJKe xeM. qxo 
npaBiiAbnan xepMiiqecKan o 6 pa 6 oxKa (pe>KiiM cymivii ii o 6 >Knra) 
B pjiAe cAyqaeB npeAonpeAeAnex bha n kabcc HSAeAiin KepaMiiqe- 
cKoro npoiiSBOACXBa 6 oAee peaKo, qeM cocxaB npiiMeHneMbix 
Macc. 

OopxioBKa SKcnepiiMeHxaAbHbix oopaauoB miAiiHApiiqecKofi 
cjjopMbi npon3BOAiiAacb cnocoSoM noAycyxoro npeccoBaHiin na 
XHApaBAHqecKOM npecce npii noMoipii cnemiaAbHo iiaroxoBAeHHbix 
HaMii paaTaeMBbix MexaAAiiqecKiix npecccjiopM. MexoA noAvcvxoro 
npeccoBaHiin nBAnexcn oahhm 113 nporpecciiBHbix b npoiisBOACXBe 
KepaMHqecKiix iiSAeAiiH. Ilpii xbkom cnoco6e HaroxoBAeHHan Mac- 
ca B oSpaauax paBHOMepHo ynAoxunexcn, qxo nosBOAnex noAy- 
qiixb xeAa irpaBHAbHoft (JiopMbi ii pasMepoB. 3xo xaiOKe cnoco6- 
cxByex SoAee qexKoii aanucn xenAOBbix sdDcJieKxoB Ha Aiiarpaxi- 
MHon AeHxe penicxpiipyiomero npiiSopa. * 

ZIam noAyqeHiin rpa(f)nqecKOH aaBiicuMocxii yAeAbHoro Macco- 
coAepH<aHHn ox BpeMenii 6 biAii iiccAeAOBaHbi miAiiHApiiqecKHe 
o 6 pa 3 Ubi II 3 npocHHOBCKoro KaoAiiHa. MexoA o 6 pa 6 oxKH h no- 
cxpoeHiin KpiiBoii KHnexiiKii o 6 >Kiira aaiiMoxBOBan na xeopiin cyui- 
Kii [ 1 1 ]. rioAyqeHHbie ao naqaAa SKcnepiiMeHxa 3 HaqeHiin cpcA- 
Hero HaqaAbHoro MaccocoAep^caHiin ) npo 6 bi n HaqaAbHoro 
Beca nccAeAyeMoro oOpasna nosBOAniox onpeACAnxb Ha- 

qaAbHyio Maccy BAarn b oOpaape 


BanAy cnemi(|)HqecKHx oco6eHHocxen xexHOAonin oo/Kiira no 
cpaBHeHino c xexHOAoriien cyuiKii b ashhom cAyqae b ocHOBy pac- 
qexa noAOHveno ananeHne MaccocoAepjKaHiisi npo6bi, Baaxoii ao 
onbixa (Mh )-'^^iieAbHoe MaccocoAep>KaHHe odpaaua u onpeAean- 
exc5i OTHomeHiieM Maccbi BAarn b oSpaaue aa KaniAbin npo\ie>Kv- 
xoK BpeMenn k aecy MaxepnaAa nocAe oojKura: 




( 2 ) 


HaMH aMniipnqecKH onncaHbi KpnBbie KiinexiiKn oSvKiira npo- 
"P" paaAnqHbix cKopocxHx HarpeBa 
K^/muh). /J,ah onncaHiin BbicoKoxeMnepaxypnoro 
aqnJieKTa (yqacxoK BC) BbiSpana (|)yHKii.Hn 



1 + exp ^ 
o 


( 3 ) 
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rpa^jiiK KOTopoii cosnajaer c sKcnepii.MeHTa.ibHOj'i KpiiBoii. Mchb- 
lue-MV 3HaqeH]iK)^6 cooTBercTBX ex So.ibujee usMeHeHite Aiaccoco- 
jepHvaHiiH li HaooopoT. Ho TOMKii nepeniSa reMn HSMeHemia Macco- 
coiiepavaHiiH yBe.iiimiBaeTCH, saxeM y.MeHbuiaexcfl. Opannaxa 
xoMKH neperiiSa pasna npn6.iii3nxe.xbHO A 12. 





Pile. 1. SaBHciiMocTb y;iee]bHoro Maccocoaep/Kamia u npocH- 
HOBCKoro Kao.iiina ox BpeMemi x: 

a — cKopocTb HJjrpcaa 28:3° K/.v7-«; 6 2SS: e 2;U 

H.th oniicaHHH HiisKOTeMnepaxypHoro 3 {|)(} 3 eKxa (yqacxoK 
(pile. 1) Bfai 6 paHa aaBHciiMocxb 

w = z/oexp( — /Cx), (4) 

Koxopan oxpaHvaex .xapaKxep iisMeHeHUH -MaccoconepjKaHHn bo 
B peMeHH, 6 .iH 3 KiHi K JiHHefiHo.My BBHiiy Majioro 3 HaqeHH 5 i kosc})- 
4 )Hii,HeHxa K. MaKCH.Ma.ibHoe oxK.ioHeuHe xpuBbix (fiyuKuiiH ( 3 ) 
H ( 4 ) (nvHKXHp) ox SKcnepiiMeHxajibHbix KpuBbix cocxaB.iaex nDn- 
0 . 1 H 3 HXe.lbHO ± 8 %. 

C.ieaoBaxejibHo. aaBHCHMOcxn ( 3 ) n ( 4 ) npiiBOjisix k aoexa- 
xoMHo yaoB.iexBopHxe.ibHOH Koppe.ismiH oHbixHbix xoneK, xapan- 
xepnayiomHx KHHexiiKy o 6 jKHra — npouecc xen.io- ii Maccooo- 
Mena npH HajiiiHuii (baaoBux h xu.MimecKii.x npeBpameHiiH. Kax 
e.iejiyex 113 puc. 1 , c poexoM xeMna Harpesa npoAO.i>KHxe.ibHocxb 
nepHojia hocxosthhoh crcopocxn o 6 jKHra coKpamaexca. 

Ha pile. 2 npHBe.aeHbi KpiiBbie HSMeHeHun y/iejibHoro .Macco- 
coaep>KaHHH UH.iHHiipHMecKoro o6pa3ua 11 ero xeMnepaxypHoro 
nojiH BO BpeMCHH. yqacxoK ac npuBOH u=f(r) pnc. 2 xapax- 
xepiiayex nepHo.a BbicoKoxe.MnepaxypHoro 3H;io3^c|DeKxa, npoHc.xo- 
Tinmero co ^HanuxejibHbiM norjioineHiieM xen.ia h hhxchchb- 
HbiM Maccooo.MeHo.M. rioc.ieiiHee odcxoaxe.ibcxBo npHBoa,Hx k co- 
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rpaaii^xa^o^^nlt^^^^ rpajiieHxa (|)H.ibxpamiOHHoro noxeHuna.ia — 
pa^iienxa ooi^ero h.iii H3obixoHHoro .aaB.ieHiia. B paccMaxpuBa- 
exioM ciynae (ynacxoK .2e) b ox.iHMHe ox Hana.ibHoi? e'xaiiui npo- 
uec(.a (jqacToK Aa) aoMjiHiipyiomeil (popwon nepenoca waccbi 

Hci Hu’ir nocKO,,BT<yy MacTOK" np™oa,“ 

HHHbie. TaKH.\i o6pa3o.M, 

nepiioj, nocxoHHHOH cKopo- ~[ 

exH ooTKiira .mo>kho Bbipa- 

3HXb xaK: « M 


KaK c.ieayex 113 3KcnepH- 87J 

-MeHXa.lbHblX UaHHblX. 3 ;. 1 H 

3 X 0 X 0 nepiioaa yqacxoK JW \ 

ac H.Meex nocxonnnyio 008 ^ 

HHXeHCHBHOCXb .Maccooo- // \ 

.MeHa m. onpeae.ine.Myio \ 

(})opyfyjioH // \ 

du TTT \ 

.^,,Yo— . (6) V 

Tax, npn .XHaMexpe 11 sbi- ^ OO so v,Afa/f 

core oepaaua, paBHbr.N co- P.ic. 2 . Kpashie n 3 .Me„e,,„„ TeMnepaTvi, 
OTeercTBeuHo 0,022 .« h ..oro „o.i, „ opS.ira 

3-7, (/?/2. .); 4-U (0. T) 


Rh 

^{R + h) 


-- 0,0045 M. 


SHaqeHiie nepBofi npoH3BOiiHO!i yae.ibHoro Maccocoiiep>KaHFH 
no BpeMCHH Ha ynacTKe ac paBHO- 0.3277 Ilnac, v„=l 800 *a/i 
C.iejJOBaTe.lBHO, ilHrCHClIBHOCTb .MacCOOG-MCHa ' 

m = const = 2,65 Ka/M^-nac. 

B jta.ibHeiimeM no iviepe y.MenbmeHHH y.ae.ibHorc -MaccocoaepyKa- 
hhh yMeHbiuaexcH h iiHxeHcuBHocxb Maccoo 6 MeHa. ^ 

Hna Hcc.ie;iOBaHHH xeMnepaxypnoro no.iH o 6 pa 3 ua b ero 

ilnir noBepxHocxH 6bijiH 3a.ie- 

naHbi xpoMe.ib-anioMejieBbie xep.Monapbi. HexBepxan xepMonana 
3aMepnjia xeMnepaxypy cxeHKii neqKH ^ ^ 

HHxepec npeacxaBnnex HccnejOBaHHe chjih- 
KaxHbix .MaxepnanoB npH hx narpeBe no .iiiHeftHOMy aaKony. Hpn 
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3TOM oTK.ioHeHHe TeMnepaTvpbi b nioooii xoMKe iico.TcziyeMoro 
o6pa3.ua or .TiinenHo iiaMCHsiiomeMca TeMneparyphi cpeufai 

>KHO oe-byiCBJlTbCB (|)a30BbIMH II Xll M II MCC KH M II npCBpa LUeHIIBM H, 
npoiicxouRiuiiMH BHyrpii Te.ia. 

TepMorpaMMbi, xapaKTepnayiomHe HSMeneHHe TeMnepaxyp- 
Horo nojiH oopasua (piic. 2), noKaabmaiox, qxo BHaqa.ie BBHuy 
Meu^ieHHoro nporpeBa o6pa3na Ha6.TK)zi.aexcB cpaBHiixe.TbHo He- 
So.Tbuion nocxiouHbin pocx xeMnepaxypbi. 

Zla.Tee b nHxepBa.ie xe.Mnepaxyp nepBoro 3HU034)4)eKxa na- 
63iouaexcH HeKoxopoe 3aMeu*TeHiie pocxa xeMnepaxyp. B npoMe- 
>KyxKc Mea<uy kohuom nepBoro 3Huo3(|D<})eKxa h HaqajioM Bxopo- 
ro xe.Mnepaxypa Boapacxaex .iiiHei’iHo. Ilpn xeMnepaxype =: /„ = 
= 8/3° 1\ Ha noBepxHocxii o6pa3ua HaqiiHaexcH BbicoKoxeMnepa- 
xypiibin 3Huo3cj)c})eKx. Oh xapaKxepen aaMexHbiM oxcxaBaHiieM 
pocxa xeMnepaxypbi noBepxHocxii o6pa3ua ox npaMOJin- 

Hei'iHoro pocxa xeMnepaxypbi cxeHKii neqii . BBnuy samyojie- 
HiiH cJipoHxa xHMiiqecKHx npeBpameHiiH Ha6.xiouaexcH oxcxaaa- 
Hne pocxa xeMnepaxypbi b xoqKe, oxcxoamen ox ocn na paccxon- 
HUM RI2 (R/o. x), saxeM 3aMez^-^eHne saMeqaexcH b uenxpe 
odpasna ^ 4 ( 0 , t). 

ripouecc uernupaxamni rjiiiHiicxoro semecxBa conpoBOKua- 
excn r.Ty6oKnMn xiiMiiqecKHMn npeBpaiueHiiaMH, CBHsaHHbiMn c 
HSMeHeHiieM ero Kpncxa.a.iHqecKon peinexKii ii xeMnepaxypnoro 
no3H o6pa3ua. 

riocMe npouecca uernupaxauHii rjinniicxoro BemecxBa Hao.Tio- 
uaexcn 6bicxpbin pocx xeMnepaxypbi Bcex c.noeB oSpaaua n npn- 
o.THTKeHiie 3xori xeMnepaxypbi k xeMnepaxype neqn. 

OdosHaweHHsi 

Yi- — noxoK 3Heprm!; L;^ — KHHexnqecKiift K03(j)cj)HUHeHx; X^ — 
xepMOUHHaMuqecKaa CHvia; A — KOHCxaHxa, paBHan npuMepHO 
3HaHeHnio yuejibHoro MaccocoAepjKaHiiH b naqa^ie BbicoKOxeM- 
nepaxypHoro SHUOscjocfieKxa; 3 — KOHcxaHxa, xapaKTepiisyiomaH 
xeMH H^MeneHiiH MaccocouepvKaHHa; xo — aocuHCca xoqKH nepe- 
rnoa; «o — HaqajibHoe aHaqeniie yAe.TbHoro Maccoco;;ep>KaHHH 
o6pa3ua; K — KOHcxanra, onpeii,eviHeMaa h 3 yc.iOBHH npoxoMc- 
ueHHH 3Huo34)45eKTa Mcpes xoMKH A w B (puc. I); T — Bpewa; 
du/d-z — CKopocTb o6>KHra; m — nHxeHCHBHOCXb MaccooSMeHa; 

— npHBe;ieHHbifi pauiiyc UHJiHH;ipHqecKoro oSpasua; Yo — 
yiie.ibHbift Bee oSpasua; R, h, d — cooxBexcxeeHHO paunyc, bbi- 
coxa H AHaMexp oSpasua. 
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//. r. rypEBiiw, b. //. ^eropob. 3. n. wy^bMAH 

nPHMEHEHHE nPOHHUAEMbiX nOPHCTbIX 
MATEPHAJlOB aKCnEPMMEHJAJlbHOrO 
H3yMEHH5I MACCOOBMEHA 

B reoperimecKiix it SKcnepuMeHTa.ibHbix uccMeaoBaHHHx fl. 
2 \ ycTaHaBJiiiBaercH Ha.nimne aaKOHoxiepHon cb«3h BHeuiHcro 
Ten.io- II MacconepeHoca KaTiH.ianpHonopiicToro Te.aa c nopn- 
cToii crpyKTypon ero MaTepiia.ia. 

BaaiiMOB.TiiHHue BHyrpeHHiix ii BHeniHiix npoueccoB oSxieHa 
HanpHMep, b c.iyqae HcnapeHiia >kiihkoctii H3 Te.ia b oxibrna- 
lomini ero napora 30 Bbiri botok KaqecTBeHHo npoBB.THercB b bo3- 
HiiKHOBeHiiii HOBbix, HHTeHCMc{)imHpyiomHx Ten.ioooxieH (JiaKTO- 
poB. K, TaKiiM 45 aKTopa.\i mo>kho oxHecTii b nepBvio oqepe^b 
«oqaroBbin», jiicKpeTHbin xapaKxep iicnapeHHB, Korjia crpyi! 
napa nan. noBepxHocrbio oxKpbiTbix nop tixieiox cKopocxb aBHJKe- 
HiiH cymecxBeiiHo So.Tbuiyio no Be^mmiHe, nevi ocpenHennan no 
Bcefi noBepxHocxH cxenKii. 

C.ieixcxBiieM HepaBHOMepnocxn .vtecxHbix CKopocxen b npn- 
cTeHHon oo^iacxii HB.inexcn npeTKAeBpeMennan xvpSvaiiaaiinn 
norpaniiMHoro cxtob. 

Hpn paccMoxpennn oomero caywan HecxaunonapHoro npo- 
uecca coB.MecxHo npoxenaiomero xen.no- n .viaccooSMena xiina 
cyuiKii Ha 6 .xioiiaexcsi aarayoaenne noBepxnocxii ncnapeHnn 
BHyxpb xe.na, n xor;ia nepenoc napa b ccBo 6 o>KzieHHbix ox tkhzi- 
Kocxn Kann.i.inpax cxanoBiixcH 6 ojiee iiHxeHcuBHbiM aa cnex jio- 
noannxe.nbHoro k iHi^cjjyanoHHOMy nepenocy b MiiKpoKanii.n.nH- 
pax 3 (})(j)y 3 noHHoro nepenoca b MaKpoKannaanpax. Kpoxie xoro, 
^Bn>KeHHe napa napy/Ky b MaKpoKaniKn.napax ycn.nnBaexcH 6 jia- 
roTiapn Mo.inpHOMy ;iKH>KeHH}o na-aa xen.ioBoro CKo.Tb>KeHHH 

O/iHOBpeMeHHo c 3 aray 6 .neHneM noBepxnocxn HcnapennH 


BoaHHKaex nepenazi ofiimix iiaBaennii naporaaoson cpeiibi, o 6 v- 
c.ioB.xeHHbin paanocxbio xeMnepaxyp b aone iicnapeniin h na reo- 
MexpimecKon noBepxnocxn xe.na. ripeBbimenHe ixaB.neHUH b aone 
HcnapennH naji CapOMexpHnecKUM npnS.xnaHxe.nbuo paano niii- 
paBannecKOMy conpoxiiBaennio ocBo 6 o>Ki^eHHo^o ox tkiukocxii 
c.ioB Maxepna.ia. 

^ BpeMn A. B. JlbiKOBbiM na ocHOBannii onbixHux 

naHHbix [ 3 ] noKaaano, qxo npn ncnapeHiin >Kn;iKocxn na nop b 
B biHy>KneHHbin napoBoaziyujHbin noxoK Bbi.iexaiox Hapy>Ky Me.ib- 
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qaiiuine Kane.nbKn n ncnapnioxcH b norpaHiinnoM c.ioe npiiqeM 
HHxeHCHBHocxb 3X010 npopecca o6-beMHoro iicnapeHiiH B anaqu- 
xe.xbHon Mepe onpejie.iHeTCH CBoncxBaMn nopncxoro Maxepnaxa 
B6.niian BHeiuHen rpanimbr XBepjioii ii rasooSpaanoii (baa. 

^xHM oSocHOBbiBaexcn xo no.ioJKeHHe, qxo nepenoc xen.xa ii 
BeipecxBa b norpaniinnoM c.ioe y noBepxnocxn XBep^oro xe.xa 
npn iicnapennii na nero TKiirtKocxn, nanpiiwep -b npopecce cvm- 
KH, ne.xb3H paccMaxpuBaxb ox/ie.ibno ox nepenoca xenjia n ae- 
i^ecxsa BHyxpn xe.xa n, cjiejiOBaxe.nbHo, ox ero Kann.ijinpnono- 
pncxon cxpyKxypbi. 

® ony6.nHKOBanHbix ao cnx nop ncc.xeaoBa- 
nnnx, kbk npaniuio, ne npnBO^inxcH KOHKpexnbie aaBiiciiMocxn 
A.e^.^y BnyxpennHMii xapaKxepiicxHKaMn Marepnajia onbixnoro 
Te.xa H «BHemnHMH» a^JeKTaun xen.no- ii Maccoo6MeHa. Boxee 
Toio, B no/iaB.x5nomeM 6o.nbuiHHcxBe pa6ox Boo6me oxcvxctbvkdt 
^exajibnoe oniicaniie n ocnoBnbie nopncxbie -xapaKiepncxiiKH 
iicno^xbaoBannoro b nccjieaoBaHHn Maxepiiajia. 3to oScTonxejib- 
cjiyqaeB HCK.7iioqaex AocxoBepnyio BOcnpoH3Bo;ni- 
-MOCTb H noBxopneMocxb onbixnbix /lannbix, 3axpy;iH5iex BoaMoi- 
o6o6meH.,H, a saHacTyro TaK*e orpaH^Baer loLX- 
nocTH npaKxnqecKoro nx ncnojibaoBanun b npoMbinuiennocxH 

npaKTHKe ne Bcer^a nponB.nnexcH neooxo- 
^HMan xpeSoBaxejibnocxb npn Bbi6ope nopncxbix MaxepnajioB 
RPH onbixHbix xe.x na ypoBne coBpeMennbix xpeoo- 

Bannii ^nannecKoro SKcnepiiMenxa. Bojibiuoe Ko.niiqecxBo iiccjit 
onbTTHKTv''r^^??'' npuMenenneM rnnca b nanecxBe MaTepnaaa 
HsBecxHO, oanaKo, nxo rnnc ne o6jia;iaeT vcxoii- 
qHBocTbio cKe.xexa n npn yBJiancnennH n BbicbixannH b ananii- 
xe.XbnoH cxenenii .ae^opMupyexcn aa cnex yca^Kn mu paaSvxa 
hhh H Mennex CBOK) nopncxyio cxpvKxypy. Hnii paaOxxa- 

® ueMenxa necKoJibKo yMenbuiaex paaMbiBa- 

nnl B i^DonPrnA” ycHJiiiBaexcn 3^(|)eKx TpemnnooepaaoBa- 
HHH B npouecce ^epe.^BII5KeBHJI Bjiarn no Kanii.x.xnpaM [4 51 Cv- 
mecxBennbiM nejtocxaxKOM rnnca nejinexcn ero M^xan Mexanil 
^PynKocxb onbixHbix oSpaanoB ne noaBo.xnex 
ajejKno cKpen.xnxb nx c .^epn^aBKa.MII; xpeSvexcn ncKxnioqHxejib- 
™„pPyMe„xoM, a xaK^rnl,':. 

nnaeMbie Maxepnajibi, nojiyqnBiuiie pacnpocxpanenne b nocxeji- 
?nH Tpedyiox riJiH cBoero naroxoBjicniiH cjioHcnon xexnixt 

run H cnennajibnoro o6opy;iOBaBHsi. c.vnu.jo 

MeTajijinqecKHM nopncxbiM MaxepnajiaM xnna «MOBenb» 
npiicymii xanne nejiocxaxKii, kbk aafinBaBne cxpy>KKOH oxKPbi- 
xbix napyscy nop npn MexanunecKon o6pa6oTKe iijin aanncx^^e- 
HepaBnoMepnan KonnenTpamin nop na ncaxeayeMoii noBepxno’ 

CXII II iicK.nioqnxe.ibBo mnpoKHii cneKxp b pacnpeAe.ieniiii nop no 
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paSiViepaM; HeooabmaH MiMimecKan cToiiKOCTb TBep;ioro cKejiexa 
II TpaHctJtopMamiH nop ns-sa o6pa30BaHHH na iix cxeHKax Heop^ 
xaHimecKiix okmc.xob, Koxopue ne nojiJiaioTCH oniicxKe ii yjxajie- 
Hiiio ;ia>i-ce npii npoKa.iHBaHHU. 

licno.ibaoBaHne Maxepiia.iOB ns {Jiannca 3axpy;i,HnxejibHo b 
BK cnepiiMeHxa.nbHoii npaiixiiKe. 

PaooTbi, npoBejieHHbie b .TaSopaxopun xen.io- ii MaccooSMe- 
Ha npii (JiaaoBbix n xiiMimecKiix npeBpamennax HTMO AH 
BCCP, noKaaanii, nxo ajih iiaroxoBjieHUH onbixHbix xeji naiido- 
*iee nojixoaninnM Maxepiia.TOM HBJinexcH npoiiimaeMaH luaMoxHo- 
xjiiiHHcxan KepaMHKa, anajiorHqHaH npiiMeHneMoft b npoMbim- 
•leHHocTH II MeAHUHHe A71H omicxiibix II SaKxepHOAornqecKiix 
4>n.^^bxpoB. TexHOAoniH ee HsroxoBJieHiiH ne ox.iimaexcH npuH- 
miniiajibHo ox xexHojionm iisroxoBJieHMn Apyriix bhaob KepaMii- 
KM. SaKOHOMepHOCXlI HSMeneHHH CBOlicXB BXOfi KepaMHKH b sa- 
bhchmocxh ox HcxoAHoro cbipbH, peuenxypbi ii xexHo.noriin no- 
APo6ho HccjieAOBaHbi A. C. BepKManoM [4], 

riopHCTbie xapEKTepHCTHKH npoHHuaeMbix MarepHajiOB 
H MeroAHKa hx onpeAejieHHsi 

Xt.iji npoiteccoB, cBiisaHHbix c nepenocoM Bemecxsa, KoxAa 
MexaHHSM nepenoca b iisBecxHoft Mepe onpeAejinexcH pasMepaMii 
KanajioB, BHaiiiie odmeii nopiiCTOcxii Maxepiia.ia (Bxoii o6menpii- 
HHXOH B .laeopaxopHoii npaKTHKe xapaicxapncxiiKu) oKasbiBaexcfl 
ropasAO Menee samHbiM, new BHaHwe pasMepoB h KOH{J)nrypa- 
miii oxACAbHbix nop ii nx KOJiHnecxBa. HoaxoMy iisyneHiie cxpyK- 
xypHbix xapaKxepiicxHK nopncxofi KepaMiiKH bbLxo nanpaBAeno 
xAaBHbiM o6pa30M Ha noAyqeHHe AHt^KfiepeHmiaAbHOH KpiiBoii 
pacnpeAeAeHHH ofi-beMOB nop no hx paswepaM (paAnycaivi). 

ZIa5i HaxovKAeHiiH KpHBOH pacnpeAeACH iiH o6BeMOB nop b 
H acxoamee BpeMn nsBecxHbi cAeAyiomiie xiexoAbi: KaniiAAnpHon 
KOHAeHcauHH, 9AeKxpoHHoii MHKpocKoniiH, pacceHHiiH peHxre- 
HOBbix Ayneii noA waAbiMii yxAaMH, paAnoaKxiiBHbix iiaoxonoB. 
BAaBAHBaHHH pxyXK [6]. HaMH 6bIA HSSpaH nOCAeAHHH MeXOA 
KaK HaiiSoAee npocxofi, BMecxe c xeM nosBOAHiomiiH onpeAOAiixb 
xpeSyeMyio xapaKxepncxHKy c AOcxaxoqHOii xo.MHocxbio. 

OnitcaHHbiii PnxxepoM ii XtpeiiKOM [ 7 ] MexoA BAaBAiiBaHun 
pxyxH ocHOBaH Ha xopoiuo nsBecxHOM HBAennH BsaHMOAeflcxBiiH 
necMamiBaioineri /khakocxh h KaniiAAHpa: HecManiiBaiomaH 
xBepAoe xeAo HiiiAKocxb MOJKex 6bixb BBeAena b ero KaniiAAsipbr- 
nopw xoAbKo noA AaBAOHiieM. MejKAy paAnycoM KanHAAapa- 
nopbi r li AaBAeHiie.M P, Koxopoe xpeSyexca ajih npoHHKHOBeHiiH 
7KHAKOCXII B KannAAHp cymecTByex cooxHoiuenne 


ripii 3aAaHHOM iiccAeAye.MOM Maxepiia.Te n cooxBexcxBeHno 
no^oopaHHoii HccMamiBSiomeii >Kii;3,KocTn cooTHomcHiie ( 1 ) 
ycxaHaBAiiBaex OAHosHaqnyHD aasncnMooxb MCJKAy paAuvcoM 
sanoAHHe.Moro TKiiAKocxbio KaniiAAnpa n AaBAeniieM. 

^ XaKiiM oopaaoM. cyinecxEo MexoAa cboahtch k onpeAe.ieHiiio 
oobCMa BAaBACHHOH B ofipasen HecxiamiBaiomeH >kiiakocxii (pxv- 
xn) npii n3BecxHOii BeAnmine npHAO>i\eHHoro AaBAOHiin. rio.'iv- 
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Pnc. I. 3aBHcnMOCTb oSbeMa B3,aBaeHHoii ptvtii ot npii- 
ao/KCHHoro aaBnemiH: 


qeHHaa xapiM oSpasoM xapaKxepiicxiiKa (piic. 1) aBAnexcH hh- 
xerpaAbHOH saBiiciiMocxbio. xax KaK Ka^KAoii xoHKe KpiiBoft c ko- 
opaHHaraM., ((V„-V)/V„, P) cooTBeTcTByer o6T.eM scex nop 
HMeioimix paAHycbi SoAbuie, mom r. ToxAa HcKoxiap. (bynKmia 
pacnpeAeACHHA nop no iix pasMepa.M paccnnxbiBaexcH no (bon- 
Myjie ^ ^ 

D(.) = -L AKliziWsL ,2, 

r dP • 

B Koxopoli Bce HAeHfai B npaBoii qacxn iisBecxHbi iiaii moxvx obixb 
onpeAeAeHbi. BxoAHmaa b npaByio nacxb npoiisBOAHan noAvna- 
excH rpatbimecKHM Ancb^epeHUBpoBaHHe/ npiiiAeHHoT na 
PHC. 1 HHxerpaAbHOft saBiiciiMocxii ( 1 ) 

MexoA BAaBAHBaHHH pxyxH xapaKxepiisyexcH neKoxopbiMii 
AonymeHHHMii, BaHCHeiiiuHMH 113 Koxopbix HBAHIOTCH npcAnoio- 
H<eHHH o KpyrAOHHAlIHApiiqeCKOli CbopMO HOp H BeAHHHHaX ^ PI 
O aah paBAiiHHbix MaxepiiaAOB n pxyxii (aah iicnoAbsyeMon b 
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onHCbiBaeMbix Hii>Ke renax KepaMUKn npiiHiiMaaocb SHaqeHiie 
a = AQ0 diinlcM ii 0=180°). KpoMe xoro, onpeAejiHeMwii axiiM 
MexoaoM «panHyc nopbi» HB.iJiexcH pajinycoM «Bxo.a.Horo oxBep- 
cxnH» B nopy, mxo npuBOAUx k 3aHii>KeHnio o6x.eMa uinpoKiix 
nop. 

HecMOxpn na axii AonymeHHH, xiexoA BjiaBniiBaHiiH pxyxn 
BnOcine ceon onpaBabiBaex h nponno yKopenujicH b jiadopaxop- 
Hon npaKXHKe pajia oxpac.iei'i xexnuKn. PasBurbin Hve b noc.ie;i- 
nee Bpevin B. C. MapKiiHUM [13] 

t linihTx xiexoa KoppeKxiipoBaHHH sKcne- 
piIMeHXa.lbHbIX KpHBbIX, CHHXbIX 

^ I I no Pnxxepy ii j^pefiKy, snaqn- 
Ttjja- xe.TbHo noBbimaex iiocxoBepHocxb 
no.xyneHHbix peayjibxaxoB. 

I / npiiBeii.eHHbie b paSoxax [6, 7] 

I I cxeMbi n KOHcxpyKUHH nopoMe- 

•*aTT*| 7 ram Pob paccmixanbi na onpejie.ie- 

Hiie cxpyKxypbi Maxepna.noB c. pa- 
^ ^ ^ a,HycoM nop. He npeBbimaiomH.M 

T P" vS T 7 MK. riopOMep, paspaSoxaHHbifi 
i j M / BepKMaHOM [4], nosBO- 

P .inex oxBaxHXb nopbi c pajuiy- 

COM ox 500 zio 7 MK. TaKoe pac- 
1-^ miipeHiie jiianasona cxajio bos- 
-MOHCHbi.M 6jiaroaapH npejiBapH- 
Phc. 2. ZlH.-iaTOMeTp ii npiiSop .a.na xejifaHOMy oOesrajKiiBaHHKD o6- 
ero aano.iHemifl pTVTbio pasua H C03il.aHIIIO Ha^ HHM npaK- 

xnnecKii «HyjieBoro» jiaBJieHHH. 

HaMii HcnojibsoBan nopoMep, npeAJiOHceHHbifi b paOoxe [8] 
H nosBOJiHromHii oxBaxHXb .n,Hana30H pa.aHycoB nop ox 100 ao 
0,05 MK, X. e. BnojiHe AOcxaxoHHbiH jijih npiiMeHneMbix b onbixax 
nopHcxbix MaxepHajiOB. IlopoMep cocxohx h 3 4 Macxefi: H3MepH- 
xejibHoii H xpex BcnoMoraxejibHbix (BaKyyMHoii, npH6opa jijih 
no^anii pxyxii k o6pa3uy n ycxanoBKH bhcokoxo AaBJieHHH, no- 
3BOJiHiomeH n3MeKHXb AaBJieHne Ha.n. o6pa3ii.oM ox oahoh .n,o 
150 otm). 

H3MepHxejibHaH qacxb BKJitonaex b ceSn mocx yiixcxoHa xnna 
MBJI-47 H cxeKJiHHHbift ^ibnaxoMexp (pnc. 2), b cboio onepe^B 
cocxonmHH H3 XHJibBbi /, B HHJKHeH HHcxH KoxopoH noMemaexcH 
o6pa3eu HccjieiiyeMoro Maxepnajia, h xojicxocxeHHoro KanHJiJiH- 
pa 2, Ha KoxopbiH paBHOMepno waMaxbiBaexcH cnupa^xb ns sjieK- 
xponpoBOflHmero Max.epiiajia 3. JIjih 3toh uejiii obiji iicnojibso- 
- Ban BOJib(|)paM, o6jia.aaK)mHH bwcokoh npoHHOcxbio na pacxH- 
HCeHHe II OXHOCHmilHCH K HHCJiy npOBOAHHKOB C HaHOOJIbUIHM 
y.ne*xbHbiM conpoxHBJieHiieM. llpH AHaMexpe npoBOJiOKH 16 mk na 
KaniijijiHp yKaaaHHoro na pncyHKe paaMepa mohcho naMoxaxb 
conpoxnB.ieHne nopnaKa 600 — 650 om. 
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HyBcxBiixe.ibHocxb 3,njiaxoMexpa cocxaBjin.xa 0,0055 .n.iJoM. 
B Lu.xiKj) .aiKiaxoMexpa BnanHbi asa aneKxpoBBOAa iis MOJin6jie- 
HOBOH npoBO,xoKii ;inaMexpoM 0,5 mm (4), k KOxopbiM npn no- 
Momii me,3,TaKa npiiKpenjinexcH BOJibcJipaMOBaH cniipa^xb. Ka- 
nHji,inp c y,xoH<eHHOH Ha Hero cniipa.xbio coejiiiHHexcH c rnabaon 
npn no.AiouTH ujjiiKjia. Pxyxb nonajiaex b ^HTiaxoMexp nepea ox- 
Bepcxne b Bepxnen nacxii riLXbabi. 

npii6op jijin aanoJiHeHHH Tm.naxoMexpa pxyxbro npeacxaB.xnex 
coooH HUJiiiHiip 5 c BaKvy.MHbrM m.xH^ioM 6, npn noMomn Koxopo- 
ro B HHJIHHAP BBO;iHXCH CBM ZtH- 

.laxo.Mexp, H c peaepayapoM b bh- 7 

a,e mapa 7, Kyzia nepea onbixoM p fo 5 

aaniiBaexcH pxyxb. Peaepayap / \ \ ^ 

qepea BaKyyMHbin lu.xn^) 8 coejH- 

HnexcH c oxKawHbiM nocxoM. | jB — BLR8f ^ 

OxKaqHoii nocx cocxonx ^ \ W ^ 

H3 (i)opBaKyyMHoro nacoca BH- ' ^ — - 

46 IM, napopxyxHoro nH4)(])y- JL 

anoHHoro Hacoca, ManoMexpa -Xi^- 

MaK-Jleo;ia, U-oopaanoro mbho- P — 

.Mexpa, cHcxe.Mbi KpanoB, no3BO- ^ 

,THiomnx cxynenqaxbiM oSpaaoM 
iia.MeHHXb jaB^xenne c xoHHocxbio 

T,o 1 MM px. cx. B npejie^xax ox 0 

ao axMoc(]3epHoro aaBjieHiin. >8^4/ 

B KaqecxBe cocyja BbicoKoro 
jaBJieHiiH (pnc. 3) naMii obin 
iicnojibaoBaii KHCJiopo^XHbin 6an- 

.lOH 1 e.MKOCXbK) OKOJIO 2 .1. 

y 6aji.ioHa Ha xoKapnoM cxaHKe p,,„ o 

l-rrn T Cxe.Ma VCTaHOBKH BHCOKOrO 

jja.xHJiocb ;i.Ho, nocjie nero oh aaBaeniiH, BxojiHmefi b cocxaB nopo- 
noMemajicH b xojicxocxeHHbiH hh- iwepa 

,XHHj[].p 2 CO C-beMHOH KpHIUKOH 3. 

Ba.x,i 0 H npn noMomH Me;iHOH xpydKH 4 c d ^/d 3/\ mm 

coe.aHHHexcfl c «pacnpeAejiHxe,xbHOH kopo6koh» 5, na Koxopofi 
qepea BeHxiiJiii 6 Kpenaxcn o6pa3uoBbie ManoMexpH 7. Uejieco- 
oepaaHo iiMexb ;iBa ManoMexpa: ojihh c pa6oqHM AaB.qeHneM 
160 KZ/CM^, BXOROH no,x6npaexc5i xan. qxo6bi ero pagoqan qacxb 
uiKajibi oSecneqHBajia i.rsMepeHne jaBJieHnq b jinanaaone coox- 
BexcxByiomeM MaKCHMyMV o6-beMa nop (pnc. 5, 6), Koxopbifi bm- 
HBTiflexcH npii nepBOM jkc npoSnoM HaMepeHHH. FIrh noMotpH BeH- 

XHJIH 5 cHcxeMa coejiHHHexcH c ax.Moc(])epoH, a BenxKJieM 9 c 

6ajiJioHOM. 

ripH noMomn BeHXH,xeii 9 n 10 motkho npoH3Bo.HHXb noA^nv 
aaoxa b ciicxeMy cxynenqaxo c uiaroM b 0,5 — 1 kzIcm^. B ycxa'- 
HOBKe Sbi.xH iicno.ibaoBaHbi cxaHnapxHbie BeHxn.xn ox raaoBbix 
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oan.noHOB BbicoKoro AaB.ieHUH. B oa.MOH npii noMomn cnemia.ib- 
Horo Kpen.ieHHB noMemaercsi ;iiMaTOMeTp c iicc.iejiyeMbiM o6- 
paanoM, ^ibiaTOMexp coeTtitHHeiCH c iiSMepiiTe.ibHoii cxeMoii qe- 
pea 3cTeKTpoBBoji,bi 11. npoKJia;i,oqHbi.M Maxepiia.ioM c.xvB<Hxa 
(pHopa; 3.xeKxpoBBo;ibi xitnoBbie [9]. 

Onpexte.xeHne o6x>eMa pxyxii, BxojiHmeH b nopbi no Mepe 
irsMeHeHiiB jaB^xennH, npon3Bo;inxcB KocBCHHbiM nyxeM- usMepe- 
hhcm cooxBexcxByiomero npiipameHiin conpoxHBjieHHa Bo.ib^pa- 
MOBOii cniipa.mi. B cbbsii c 3Xhm mcxoh xpe6yeT npejiBapiixe.xb- 
Hoii KajiiigpoBKH aiuftaxoMexpa, x. e. nocxpoeHna ero rpariviipo- 
BOMHOii xapaKxepiicTHKH B Koop^HHaxax oo-beM pxyxn b ztii.xa- 
TOMexpe — conpoxHB.xeHne cniipa.xii. TaKan rpa;iyiipoBKa 
npoH3Bo;i,iixcH CvXe;iyKJmiiM o6pa30M: npii (piiKciipoBaHHOM nojio:»ce- 
HHH KaniiJi.xBpa co cnHpa.xbio b ni.xbse flH.xaxoMexpa noc.xeTiHBH 
(oes oopasLta) 3ano.xH5ieTC5i qepea 6oKOBoe oxaepcxiie pxyxbio 
H3 MIIKpoSlOpeXKH ^03aMII B 0,01 MA, OJlHOBpeMeHHO iiBMepaexcB 
conpoTHB.xeHHe cnHpajiH. Flo nonyqeHHbiM aaHHbiM cxpoiixcB 
rpa^tyHpoBoqnaH xapaKxepHcxnKa ^njiaxoMexpa, Koxopan npn 
jocxaxoqHo pasHOMepHOH naMoxKe cniipa.xn npeAcxaBjiHex co6oii 

npHMyiO JIHHHK). 

npe/tsapHTejibHo BbicymeHHbiii ;io nocxoBHHoro Beca o6pa3eii 
B Bnne oxri.e,xbHbix KycoqKOB o6miiM oS-beMOM 2,5—3 cm ^ no- 
MemaexcM b hhjkhioio qacxb rnjibsbi xiHJiaxoMcxpa, b Koxopyio 
aaxcM BcxaBJiHexcB KanHJi.xnp co cniipa.xbio; rHjibaa npenuxcB 
K HMeromiiMCH Ha KaniKXJiHpe npimiiBaM npoBOJioqKoft. 

riocjie 3Toro xiiijiaxoMexp BcxaB,xBexcH na BaKyvMHOM uijiii4)e 
B npndop JIA51 sanojiHeHHH pxyxbio, Koxopbiu qepea uijiHcb coe;i,H- 
HHCXCH C OTKaqHbIM HOCXOM. 

06e3ra}«i]BaHiie o6pa3Ha npoii3Bori,HTC5i xi,o jxaBjieHHH no- 
pHxiKa 1 • 10-3 .«yV£ px. cx. CtaBcieHiie HacbimeHHbix napoB pxyxn npn 
KOMHaxHoii xeMnepaxype). Elocjie ji,ocxHHveHiiH npe^ejibHoro paa- 
peTKeHiiH II oxKaqKii B xcHeHiie 2 qacoB npii6op ;iJi5i aanojiHeHiiH 
pxyxbio noBopaqHBaexcH na uijiHijje, coeaiiHsiiomeM ero c oxKaq- 
HbiM hocxom; pxyTb h3 mapa nepes oxBepcTHe b cxeHKe rnjibabi 
aano.xHHex XHiJiaxoMexp, nocjie nero npn6op noBopaqiiBaercH b 
iicxoAHoe nojiOHceHHe. BareM iiaMepneTCH ypoBeHb pxyxH b aiijia- 
xoMexpe (HaqajibHoe conpoximjieHHe cniipajiii), ox Koxoporo b ■ 
Aa.xbHeHuieM se/texcH oxcnex ofi-beMa pxyxn, Exo^mmen b nopw 
oSpaana. lloc^xe axoro b ciicxeMy He6ojibmHMH nopuHHMii Bny- 
cKaexcn B03;i;yx; nsMenenHe aaBcxeniin KonxpojinpyexcH c no- 
MombK) ^/-odpasHoro pxyxnoro xianoMexpa. npn oxcnexe AaBJie- 
HiiH BBojtHxcH DonpaBKa na Bbicoxy cxojidnKa pxyxn na^ o6pa3- 
noM (onpenejinexcH ns rpartynpoBonHoii xapaKxepncxHKii 
iiikxaxoMexpa, nepecnuxannoH b Koopjninaxbi (h — R)) TanifM o6- 
pasoM, 


rjie = h. 
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D c.-iyqae neooxojinMocxn npono.x>Knxb na.Mepennn non 
^leniiHx, npeBbiinajomnx axMoc^epnoe, OT.iaxoMexp nepenocnxcq 
B ycxanoBKy bbicokofo AaB.xeniiH, npuBO^inxcH b cooxBe?cxBne 
noKasaniiH na.Mepnxe.xbnoro Mocxa npn axMocdiepnoM xaBiennii 
B BaKyyMHOH ycxanoBKe n >-cxaHOBKe BbicoKoro^/aBn ennH 
aa ecxb pa3.ximHe b noKaaanMHx, xan Kan npn nepenocne inxa 
vpS"p;vT,o nPO'>«oi:,T ^MeH^e 

xa";aK?e^"cr.:K„"o6pL;a™ nHTerpa.pHoft 

aiianaaoH cHiuiaiOT 

xaK naabiBaeMyio xapaKxepncxiiKy nicxepeanca (pnc. 1 KDiiBan 
no.xyqaeMyio npn c6poce iiaB.xeniin. 3xa xapaLepiicxiina no- 
SBonnex nonyqaxb KaqecxBennyio onenKv cpopMbi iiMeiomiixcH b 
oopaane nop n KananoB (noapoSnee cm. [4]) b 

* npiiBeaenbi iinxerpa.xbnbie xapaKxepncxHKii 
Jncxbix xe 1 Mexa,x.xoKepaMHqecKHx KannjijiHpnono- 

no oxiHOH 11 xoH >Ke xexHOJiornii.^ Haii- 
oxKMoneniiH ox cpe;iHeapH(|)MexHqecKon xapaKxepncxn- 
«HacbmieHnH» nnxerpa^xbnon KpiiBoii cocxaLniox 
-^o/o, Boapacxan rjo ±20% na naqa.xb^M ynacxKe 3 ?h 
nH(|)pbi cxanoBHxcn nonnxHbiMn. ec,xn vqecxb He3HaqwTP7T’KH^•u^ 
a6co.nK>THyK> Be.irmuHy iiSMeHeHim oSieMa ptvtm Ha HaJafatnoM 
>qacxKe HHxerpa.xbHoi'i xapaKxepncxHKii. 

Ba>KHOH xapaKxepHcxHKofi KaniKx.xHpnonopncxbix xei 
BB^inexcn nx y;ie.xbHan noBepxnocxb. npnneM npHHHxo Daaxn 
Marb aea poia y^te.abHof, noBepxHocT,,: 

Te?a KanH^.aapHo„op„7TSro 

Imm nopouiKa) cae^yer noHHMarb bck> BHyrpeH- 

^ cBHaannyio c ex-o napvTKHon noBeox- 

Hocxbio qepea KaniLxjiHpbi, xor^a kek nojinan v.aenbHaH noseox 
^ noBepxnocxb aaKpbixbi.x nop ^ 

Ba>KHhiM R yuejibHoii noBepxnocxn OKasbiBaexca oqenb 

Ba^HbiM B xex nponeccax xen.xo- n Macconepenoca KoxoLie co 
npoBOHtaaioTCH rereporeHHbiMH 4)a30BbiMH i,,i„ xHMuqecKHMH 
® HenpaBH.3bHo 6y "e™pac«H 

TbiBaa HHTeHcnBHocTb Toro iimi hhobo npouecca Hcxoamb h, 
biuhmoii reoMeTpimecKoft noBepxHocTH Teaa ’ ■ * 

PHa^JoB 6^7 SaH Me-nx Mare- 

nm Bbropan Mexon, npenjiomenHbift B. B HeDHrnHMM 

npoxMbimjiennfaiH BbinycK npiiOopa ZTepnrnL 
lloiipo6Hoe HajiojKenne Mexona ir onnram^P AAcpHrana. 

B pa6oxe [1 1] ^ onncanne npnOopa coaepjKnxcn 
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VCOBepmeHCTBOBaHiiH, cAe-TaBUiero ero npiiroAHbiM h jt.iH paoo- 
Tbi c KanHvi.iBpHonopucTbiMii Te.iaMH. ycoBepmeHCTBOBaHjie Ka- 
caexcH TO.TbKO KioBeTfai, B KOTopvK) noMemaexcH iiccjieTiyeMbiii 
MaxepHa^x. B hhjkhiok) Macxb KioBexbi noMemaexcH oSpaseu, iic- 
cjie/i.yeMoro MaxepHa.Ta. ZItih xoro iixo 6 bi iiaoeHvaxb 45 HJibxpamiii 
Bosjtyxa qepea ooKOByio noBepxHocxb oSpaapa, na Hero npii 
no^roxoBKe onbixa cxaBHXCH orpaHimuBaiomee KO.xeHKo c na- 
pyncHbiM piiaiMexpoM, pasHbiM jpiaMexpy odpasua, ii saaop mc- 
Hcjiy oopaauoM ii cxeHKaMU KtoBexbi sa.xuBaexcsi MeHrtejieeBCKoii 
saMasKoii (nocjie qero ko.xbho yjtajiBexcsi) . 

Pacqex BHeuiHeii yjiejibHon noBepxHocxii Bepexcs no (|)opMy.xe 


Ode onpeAeJiBBiuiiecB xapaKxepiicxiiKii nopHcxoii cxpyKxypbi 
npoHimaeMOH KepaMUKii ^aioxcH b pacnexe Ha e/iHHimy o6x>eMa 
Maxepnajia, a ne na epiiHimy Beca (xaK npiiHHxo b dojibniiiH- 
cxBe padox). 3xo Kaacexcn do.iee npaBiiJibHbiM, udo xapaKxepii- 
cxHKii nopiicxocxH cBBaaHbi dojiee c od-beMOM xejia ii reoMex- 
pHefl, qeM c ero bocom; KpoMe xoro, npn conocxaBjieHHn axux 
xapaKxepHcxHK pasHbix Maxepiia^xoB (b cjiynae sapanHH na eAii- 
HHuy Beca) xpedyexcn anaHHe hx ypejibHbix bccob. 

KpoMe HasBaHHbix ^eyx xapaKxepncxnK, b padoxe onpepe- 
jiH.xacb BoapyxonpoHimaeMocxb KepaMHKii. Pacqex ee bcjich no 
(|)opMyjie 

^ _ VAP+P6)27^^x 

‘ 'TC A D_ ■ 


Cj]e;iyex odpaxnxb BHUMaHHe na xo odcxoHxejibcxBO, qxo bo- 
j;onpoHimaeMocxb sanacxyio He Moncex Ha;!;e>KHO xapaKxepiiso- 
Baxb Maxepiiaji, nocKOJibKy ^iHJibxpamin JKHpKOcxefl npii no- 
cxoHHHOM nepenajie /taBJicHun conpoBOvKpaexcB iiSMeHenHeM hx 
pacxoAa. npn xex >Ke ycjioBiiHx 4 >H‘TbTpau,nH rasoB oniicbiBa- 
excH npaKxnqecKH HenaMeHHon BennmiHoii K 034 ) 4 )imneHxa npo- 
HunaeMocxH. 

OnbixaMH [4] ycxanoB^xeno, nxo KpynHonopiicxbix Maxe- 
puajioB c pasMepaMH nop nop 5 i;i.Ka coxen MiinpoH npouecc 
(J)HjibxpanHH mHilKocxH cxadiijiHsiipyexcH n pacxo;i ee no oxho- 
uieHino K pacxoay rasa cooxBexcxByex cooxHomeHHio iix bhsko- 
cxeii. 

rio MHenmo A. C. BepKMana, npn nocxyn^xemin TKHjiKOcxn b 
roHKonopncxbin Maxepnan na cxeHKax KamKXJinpoB nponcxopiix 
«yKJiaaKa» (opiieHxamisi) MojieKya hvHjikocxh, noBbimaiomaH ee 
BH 3 Kocxb H n.xoxHocxfa. B KpynHbix H OTHocnxenbHo ninpOKiix no- 
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pax donbuioe Ko,ximecTBo thupkocxii ocxaexcn b cBodopHOM co- 
CXOHHHII, X. e. coxpaHnex HopMaobnyio BnaKocxb. 

MexoaHKa HsroxoBjieHHn h ocHameHHn 
onbixHbix xeji 

Uliixxa aan iiaroTOBneHiiH raimiicxo-maMOTHbix Macc cocronx 
/ 1 ° Becy) H3 maMoxa (757o), Kao.xmia rnyxoBeuKoro 

(lz, 5 %J, mHHbi .xaxHHHCKOH Cbipoli ( 12 , 5 %). Ula-Mox. npnroxoB- 
.xeHHbiH 113 aaxHiiHCKOH r^niiHbi, odoHOKeHiioii b Kvcnax npn xen- 

nepaxj'pe 1300 C, cjiy>KHx HanojiHHxejieM, a raiina n KaoniiH 

cBH3Kon. CBn3Ka odBOJiaKHBaex aepna HanoaHiixenn n sanpen- 
nnex ero nacxiiubi npn cneKaHiin bo BpeMH odH<Hra. KojinqecxBa 
ee aojiTKHo dbixb aocxaxoqHo ajin npnaaHHH odoTKHceHHOMy Ma- 
xepnajiy HeodxoaiiMofl nponnocxii, ho noBbimeHHoe KonimecxBo 
CBH^ii Beaex K pe3KOMy yMenbuieHino odipen nopiicxocxii 

llepeqiic.xeHHbie KOMnoHeHxw cnanajia naMeabnaioxcH b cy- 
xoM BHae ao 3epeH HyjKHbix paamepoB, aaxcM nocjie aodaB.-icHitH 
,o lo ^iiaKoro cxeKJia ii 30 % Boabi (no secy) nponaBoanxcn 
MOKpbiH pa3Moa. OdpaaoBaBmancH cycneHann (uianKep) Bbiaii- 
BaexcH B aapanee noaroxoB^xeHHyro nmcoByio (bopMy, iiMeioutvio 
npnoaH3HxejibHbie onepxaHiiH MoaejiH. 

'‘Zepea 25 30 muh (speMH BbiaepiKKii aaBHCHT ox aaaaHHou 

xoamHHbi cxeHKH Moaejin), Koraa rune Bniixaex b cedn nacxb 
B^xarn na uijiHKepa ii na cxeHKax cJjopMbi noHBiixcn cbipaa kop- 
Ka, ocraxoK mniiKepa c^xnaaercH, a Kopna noacvuniBaexcH cHa- 

nana b qjopMe npn KOMnaxHoft fOr " 

xeMnepaxype B xeneHiie 4 — o uac, 

aaxe.M sne (|)opMbi npn xennepa- \ 

xype 20 — 30 ° C b xenenne 48 nac f \ 

n_npH 80 — 90 ° C b xenenne 30 — ygg '. LL \ 


c, c 

noo 


~7n 



— 

700 

-4 


\ 



3(^ 

A 


Vi 




J 





2t 

7 ^6 

^ Oi 

9 z^vac 


35 HQc. OxBepaeBmee xe,xo (od- / \ 

paaeu) noMemaexen b nenb n od- / \ 

TKuraexcH b BoaayuiHon epeae. 3&? —4 — 

Becb HHKa xepMiiqecKOH odpa- / 

doxKH Maxepiiaaa aaKjnoqaexca ^ ^ 

?98n°°r TepMoo6pa6o;K„ 

1280 C H ox.xa>KaeHHH BMeexe 

c neqbio (piic. 4). Handoaee oxBexcxBeHHofl BBanexen odaacxb 
xeMnepaxyp b imxepBaae 500—600° C, npn Koxopoft npoiicxoaiix 
pesKoe od-beMHoe pacmiipeinie Maxepiiaaa ii, bo 3 mo>kho paexpe- 
CKHBaHiie odpaaHOB. ’ * ^ 

OoayqeHHaH nopHcxan Kepa.MHKa iiMeex BbicoKvio npoHima- 
e.MOCXb aaa<e npn Maabix paa.nepax nop (0,3— 0,5\qK) odaa- 
aaex aocxaxoqHoii npoqnocxbio, xopomen odpadaxbiBaeMocxbio 
(cBepaeHiie, xoqenne, mainJjOBKa, peaxa h ap.), noaHofi coxpa- 
HHeMocxbio nopiicxon cxpyKxypbi, Hepaapyuiae.Mocxbio ee cKeaexa 
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B npouecce yB.iavKHeHiiji n BbicbixaHiin h SHamiTe.ibHoji udoq 
HOCTbK> rpaHeii, npoMoK. ymoa, n.iocKocTeil onHTHb,x™ei 
6eHHo BajKHbiM AOCTOIIHCTBOM nopucTofi KepaMHKIi' BBlBeTr^r 

ra~rK a"”/™’""’ 1>H3„KO-^exi;:;;aeoK^".a 

paKTepiicTHK B BecbMa miipoKiix npezte.iax. 

HaMii dbLTii iisroTOBaeHbi ofipasubi h 3 xiaccbi nasiimHnn 

tohkoctu noMoaa (10 ,, 2%), Peay.ibTa™ MxiereHu/pa^peTe 


Ki 

IS 

■ 

i 

am 

■ 

■ 

1 

H 

91 

i 
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■ 

a 

1 
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■ 

■1 

■ 

n 

1 



m 0,^7 0,J2 0^2S 


15 20 ^ 


. CTpvKTvpHfaie xapaKTepncTHKH onuTHbix oopasuon. 

a - HHTcrpa.ibHaH: 6 - / _ TOHKOCTb no.Mo.ia 

Be“Hrp'„c." 5 .'’ “ ’’“‘"■''oP"'' = 06 °**eHHB,x ofipaapax np.,- 

“eayroiuiie xapaKiepHcxjiKu nopiicro- 
cth ( /o). oSman nopncTocTb w. = 70, nu = 50; nopiicTocTb co 
OTBeTcTByrowaa paanyca.M nop, MeHbiii-„M 0,9 m/ = 37 

u,nx MaKCHMy.x,y'Kp..Boft pacnp-eLem.T “ 

paaiiycbi MaKciiMa.ibHbix nop = 3,0, /?, = 2 5 mk JIih viie qb’ 
no,3yneHbi SHaneHnn 5o, = 1 1000 ii 
02 6680 CM, jcM . HnaeKCbi 1 h 2 othochtch cooTBeTCTBenno 

K TOHKOCTIi nOMO,ia 10 II 2%. '-UOTBeTCTBeHHO 

paccmiTaHHaH no d)OD- 

Borcr T.=6,2. 10- v, = 5,l - 10- mm 

Hs npHseaeHHbix ;iaHHbix cae^iver. nro nponimaeMoctb 
y^ibHan noBepxHocTb n paiiiiyc MaKCHMa,3bHbix nop npir^a-' 
saHHoii Bbime TepMHqecKoii oOpaooTKe VMeHbuiaioTCH c^vbLii- 
nenneM tohkocth noMo.ia. yMenbrnemiH MaKcn.via^ibHoro^ r^l^a- 

ofiinL TaK/Ke iiocTimb nyreM cHiiTKeHiin TeMnepaTvpu 

eymecTBCHHo cHiiTKaercn Me^- 

HimecKan npoMHocxb MaTepiia.ia 
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ica;iKa ii MexaHimecKan nponHocTb, HanpoTiiB. BoapacTaioT 
e yBe^TimeHiieM tohkocth noMo.ia. XaK. HanpHMcp, ;aonycKaeMbie 
HanpHH^eHiiH Ha iisrHO npn TeMnepaxvpe o 6 >Kiira 1280° C oKaaa- 
.iHCb aj^= 130 H 02=160 KajcM-. 

i],o6aBKH, Bbiropaiomiie b npouecce oouvura, no3Bo,iHK)T pe- 
ry.TiipoBaTb nopncxocTb ii npoHiiuaeMocTb MaTepHacTa. B Kane- 
cTBe xaKiix uodaBOK saqacxyio npiiMenuioTCH upeBecHbie onii.iKii 
cauca, uuaK, yrojib, ToptJ), uiiruiiH n up. 

B padoxe [4] noKaaano, hto B.iHHHiie nepemic.ieHHbix no6a- 
bok Ha CBOHCTBa o6o>K>KeHHoro Maxepna.ia xapaKTepiiByexcH b 
OO meM OUHHMH H Te.MII Hie XeHUeHUHHMH. rioBTOMV npUMCHH- 
xeubHo K BbigpaHHoii nopiicTOH Kepa.MHKe hb rjiHHHCTo-maMox- 
Hbix Macc BJiiiHHue uooaBOK lisyqauocb na npiixiepe upeBecHbix 
onimoK II upeBecHoro yruH. KouHnecTBo uoSaBOK no oxHomeHiiio 
h cyxoMy Becy iicxouHoro cbipbu iiSMeHHUocb ox 0 uo 3% 

_ ® cnjiouiHbix uimiiHupoB d = 80 mm, L = 

iUO MM lISrOTOBUH.lHCb MeXOUOM OTUHBKH B TIlnCOBbie djOpMbl. 
Maccbi U.IH HHX no.iyqa.incb nyxeM Mouporo iisMe^xbueHiisi Bcex 
KOMnoHeHxoB coBMecTHo c uoSasKaMii B mapoBOH MejibHime. 
ipH 3T0M c yBejiHueniieM BecoBou KOHueHxpauHn uoSasKH ot- 
KpbixaH nopHCTocTb noBbimaexcH, a j^ueubHbiii see CHHJKaexcsi- 
saMexHo cHHmaexcH MexaHimecKau npouHoexb KepaMiiKn. JIch 
oaBKa upeBecHbix oniiuoK b .tio6oh KOHueHTpauiiii npHBounx k 
oopaaoBaHHK) KpynHbix nouocxen, paKOBim, cBiiiuen. 

HsroTOBueHiiH napxHii aKcnepiiMeHxaubHbix' xeu (mapoB 
a ~ 135 H 190 MM, uHUHHupa d = o2nh = 300 mm) 6hiji b3ht 

nn^vn^f "" 2%, KBR oOuauaiomnH HaH 6 o.nee 

nouxouHiUHMii xapaKxepiicTiiKaMH [ 12 ], 

TJ, H3rOTOB.TeHHH MOUe.TbHbiX xe.T AJIH SKCnepHMeH- 

? “sy^^eHHsr Maccoxen.ionepeHoca secbMa pasHooSpasHa 
onpeue^iHexcH sauauaMH iiccueuoBaHHH, a xaKvKe 
CneUH4)IiqeCKHMH OCo6eHHOCTHMII oSopvuoBaHHH (KOHCTpyKmiH 
aapouiiHaMiiuecKoii ycxaHOBKii, cnocoObi h annapaxypa sa 
Mepa ygbiUH Beca, no^ieft Texmepaxyp, KOHueHxpauHii h up ) 

VKaaaTb uBa HaiiOouee oSmiix h ueuecooS- 
Sh« rl n ^ iiaroTOBueHiiu 06pa3U0B: paa-beMHan KOHcxpvK- 

, ” ; cnuouiHbie xe.ia. Paa-beMHbie xeua, 6ojiee npocxbie no Lh- 
CXpyKUHH H TeXHOUOniH HSrOTOBUeHHH, yuoSHbl U^TH OCHameHIIH 
xepMonapaMii, upeHaucHbiMii Tpy6KaMii ii upyruMn uaxunKaMii 
B .T1060M Meexe HapyjKHoii noBepxHocxii. Hpyrini uocxohhctbom 

^oueuH H B 03 MOH<Hocxb npoKOHxpo.iHpoBaxb reoMexpHuecKiie 
fr “ KauecxBo .Maxepiiaaa (oxcyxcTBiie nopoKOB, xpemiiH 

H up.) B xpyuHouocxynHbix Meexax. ^ 

B npaKXHKe .xa 6 opaxopiiii xenuo- 11 .MaccooOMena npii djaao- 
Bbix H xiiMimecKHx npeBpaiueHUHx IITMO AH BCCP Haimn 
npiiMeHCHne usa KOHcxpyKxiiBHbix BapiiaHxa paa-beMHbix Moue- 
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.left, rio nepBO.MV n.iocKocTii pasi^e.Ma no.ivTe.i npiiui.iHtJjoBbi- 
BarorcH Ha BpainaromeMcn Kpyre c. KBapueBbi.M necKOM, na hhx 
BbicBep.THBaiOTCH oTBepcTiiH jiitaMexpOM 5 II mySiiHOH 5 — 6 mm. 
npii c6opKe cnemia.ibHaH paMKa xonmHHoii *3 — 4 mm cboiimii 
mxiKjixaMi! saxoaiix b oxBepcxiiH o6oiix no.xyxe.x, npeABapii- 
xe.ibHo sano.THeHHbie >kiiakiixi ueMonx-tljociJiaxoM (pnc. 6). 3xox 




BapiiaHx jiynme Bcero noAxofliix jijih xe^i BpameniiH. Ecjiii »ce 
MOjiecXb iiMeex c.xa6o HCKpiiBJieHHyio li.xii njiocKyio HapyjKHyio 
noBepxHocxb, xo 6o.iee 3(J)4)eKXHBHbiM HBJinexcH cKpenjieHHe no- 
.xoBiiHOK npii noMomii KpecxoBiiHbi H cxfl>KHbix iiinimeK (pnc. 7). 
rijioxHoe coeziiiHeHiie xaKoro xiina iicK.xiOMaex yxe^ny jkiiji,kocxh 
113 onbixHoro xe.xa qepes Mecxa pa3-beMa. 

B o6ohx BapHaHxax ajih loroxoB.xeHHH paMKH, h.th Kpecxo- 
BiiHbi, He>KejiaTe,xbHo npiiMeHHXb MexajiJibi, nocKOJibKy npn h 3- 
MeHeHiiii xenJioBoro pe>KHMa b xoji,e onbira HapyuiaexcH njiox- 
Hocxb KOHxaKxa nojiyxe.! H3-3a paB.iHMHH b xexinepaxypHbix 
K03(|)4)imHeHxax pacuiHpeHHH KepaMHKH H xiexavijia. IlosxoMy npii- 
m,iocb oxKasaxbCH ox npiiMeHeHiia JiaxyHHbix KpenjieHHii, kbk 
3X0 nepBOHaqajibHo peKOMenzioBaaocb b paooxe [12], ii aaivieHHXb 
HX XeKCXO,lHXOBbIiMII HJIH nJiaCXMacCOBblMlI. BaJKHO, qxoobi BHyX- 
peiiHiie iiexajiH Kpen.ieHiiH 6biaH «yxonjieHbi» b KepaMuqecKiifi 
MaxepHaji KaK mo>kho ;ia,xbiiie ox Hapy>KHoro KOHxypa Mojie.iiH 
(He o.iiiJKe 2 — 3 mm). 

HepaaBeMHbie Moaenii nonyqaioxcfl npii KOMSiiHupoBaHiiii 
Mexopa ox,xnBKii B riincoBbie (jiopMbi ii pyqHoii o6pa6oTKii. Ka- 
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qecxBO Mo^e.xeii: iix paBHOCxeHHOcxb, x^iaAKOcxb HapvHviioft no- 
BepxHOCTH H oxKaoHeHiiH pa3MepoB ox aanaHHbix — - bo mhoxom 
onpeflejiaercH HasbiKOM iiaroxoBHxejiH. 

JXjih Bcex xe.x npiiHHxa MejiHaa iiJiii Jiaxynnaa r-oopaanaa 
«3aAHaa» ^.epjKaBKa c HenpepbiBHo VBaaJKHaeMOH b xo;ie onbi- 
xoB HapyHvHoii noBepxHocxbio bo ii36e>KaHiie HeKOHxpo,3HpyeMbix 
nepexeaeK xenjia sa caex xemnonpoBOTtHocxH. 

Opii HeodxoaiiMocxii npH/iaxb HenpoHiiuae.Mocxb oxjje^xbHbiM 


yqacTKaM KepaMiiKii iix noKpbmaiox masypbio cjiejiyiomero co- 

cxaBa: nojieBofi mnax — 



37%, Kao.xHH — /. 
KBapueBbiii — 27. 


necoK 

noao- 



Piic. 7. PasteMiiaH kohctpvku^hh Moaenn 

C KpeCTOBHHOli 


Pile. 8. Moztejib mi.iiiHapa c 
MeCTHblM KapManoM-Jio;;oiiKOH 


MHx ^ — 15, qepen (xiojioxaa KepaMiiKa) — 147o. K nepeaHcaeH- 
HbiM KOMnoiieKxaM iio6aBJiaexca okhcb pHHKa b KOJinqecxBe 
1,5% ox o6mero Beca miixxbi, ii Bca cxiecb pasMajibiBaexc.a c bo- 
7IOH flo nojiyqeHiia cMexaHoo6pa3Horo pacxBopa. Hocjie odaciira 
npii 1320“ C aaxBepAeBuiaa r.xaaypb cosAaex npoanyio nJieHKy. 
SaMexiiM, qxo see oxBepcxHa, BbixoqKii, KanaBKH u,ejiecoo6pa3Ho 
Jie.iaxb Ha oxsep^aeBmen KopKe ro o6a<iira, xan KaK na cbipoM 
iisaejiiiH .xexKo ii npocxo ycxpanaioxca neiJieKXbi (xpemiiHbi, me- 
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poxoBarocTH, BMHTHHbi, neyKejiaxejibHbie AecpopMaunii) ot.tiibku 
II py^HOH o6pa6oTKH, a nocjie TepMoo6pa6oTKii na btii onepamni 
xpeSyexcH sHa^HxejibHO 6ojibiiie ycHJiHH h BpeMeHH. 3xo aocxh- 
raexcH npHMeHeHiieM saMasKii hs mjiiiKepa, a xaKJKe 3ar.xajKHBa- 
HneM noBepxHocxH o6pa3Li,a ^jianejibio. 

HaH6ojiee oxBexcxBeHHofl onepaunefi siBJisiexcH 3aAejiKa xep- 
Monap Ha noBepxHocxii MOAejiii co cxopoHH noxoKa. B Hameft 
npaKTHKe xeMnepaxypHoro AHana30Ha ox — 100 ao 300° C 

xopomo sapeKOMeHAOBaAH cedn MeAt-KOHcxaHxaHOBbie xepMona- 
pbi H3 npoBOAOKH c AHaMcxpaMH 0,05; 0,1; 0,25 .lut. JIjih 3aAeji- 
Kii Hx B KepaMHKy qepes cKB03Hbie oxBepcxnH npoxHXHBaioxcH 
npoBOAa, a 3axeM npoH3BOAHXC5i iix cBapKa. OxBepcxnH ii Ka- 
HaBKii noA cnafi Aynme Bcero ynjioxHHXb saMaaKoii, npiiroxoB- 
ACHHOH Ha BOAG H3 CMCCH MCJI KOpa3MOAOXOH lUaMOXHO-rJIHHH- 
cxoH KepaMHKii c HeOoAbiuoH Ao6aBKon ninca. 

ripeACxaBAHex imxepec MOAGJib uH.xHHApa c mgcxhum BHyx- 

peHHHM KapMaHOM-AOAOMKOH AAH OnpeAeJIGHHfl ,30KaJIbHblX KO- 
BiJicJiiimieHxoB xenjiooOMeHa ii MaccooOMeHa. BnaHajie hsxoxob- 
AHexcH HH^iHHAp c ynnyOAeHneM no o6pa3yiomeH (pnc. 8, a), a 
3axeM 113 cbiporo nepenKa BbipeaaexcH nojiocKa Heo6xoAHMbix 
pa3MepoB H npn noMomii lUAiiKepa npiiKjienBaexcn k KpanM 
yxAyOAeHHH xaK, hxo o6pa3yexc5i HaojiiipoBaHHan jioAOHKa 
(pnc. 8, 6). 

yAaHHoe coqexaHiie ochobhhx cJiiianKO-MexaHimecKiix xapaK- 
xepiicxHK nopiicxofi KepaMiiKii h onbix pafioxbi c Hen noaBoaniox 
HaAenxbCH, nxo Maxepna.xbi noAoOnoro xnna HaiiAyx npHMene- 
Hiie B sKcnepiiMeHxaAbHOH npaKxnKe. 

06o3HaHeHHH 

P— AaB.xeHHe; r — paAnyc KannAAHpa; a — noBepxHOCXHoe 
HaxHHveHne h<hakocxh; & — yroji CManuBaHna; V^h — noAHbifl 
oO-beM nop; V — oO-bCM nop c paAnycaMii, MeHbiUHMH /*; l^o — 
oStdCm oOpaspa; h — Bbicoxa cxoAOiiKa pxyxH b paOoneft nacxH 
AHAaxoMexpa; Q — hhcao MOAeft BOSAyxa, npOHiiKaiomiix nepes 
eAHHHuy noBepxHOCxH nopiicxofl neperopOAKH toalahhoh A x 
sa eAHHHuy BpeMeHH npn nepenaAe AaBAeHHfi c o6enx cxopOH 
neperopoAKH A P; 3 — nopHCxocxb oOpasua; M — MOAeKyAHpHHft 
Bee BOSAyxa; R — yHHBepcaAbHan rasoBaa nocxoHHHaa; T — 
xeMnepaxypa onuxa; 5 — nAomaAb oOpaspa, (P + Ps) 

noAHoe AaBAeHHe y noBepxHOCXH oOpasua, mm boa. cx.; — 
o6A.eM BOSAyxa, npoxoAHiuero nepes oSpasep, - — BpeMH 
onbixa, Huc. 
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B. A. EOPJfCEBHV 

HCCJIEAOBAHHE OPOUECCA TEnjIODBMEHA 
nPH ^IBH^EHHH HAFPETOrO AHCriEPCHOFO 
MATEPHAJIA B TPVBAX 

JlHcnepcHbie CHcreMbi miipoKo pacnpocrpaHeHbi b npiipone 
npoueccbi HarpeBaHHB h ox^iajK^eHiiH AncnepcHbix MaxepHa^ioB 
BcrpetiaioTCH bo mhopiix OTpac.iBx npoMbiuijieHHocTii ^acTo xhc- 
nepcHbie MaxepHa.^bi iicnojibsyioxcH b xen.TOoSMeHHbiK annapa- 
Ta\ B KaqecxBe npoMe>KyxoqHbix xenjioHOCHxe.xeii. npoueccbi 
xen.ioo6MeHa b ^BiijKyimixcH ^iicnepcHbix ciicxe.Max mJjio h 3 v- 
qcHbi II cjiaoo ocBemeHsi b JiHxepaxype. 

no CBOHM MexaHHqeCKHM CBOHCXBaM JlHCnepCHWe CHCXCMbl 3a- 

HHMaiox npoMe?KyxoqHoe nojioJKeHHe Me>K;ty XBepjtbiMH Maxe- 
pna^xaMH II jkhakocxhmii. Cxenenb iix cpoACXBa xoMy hjih hhomv 
arperaxHOiViy cocxobhhio onpeAejiaexcB Be.iHqiiHoii yrjia bhvt 
peHHero xpeHiiH. B cbh3m c ^iHCKpexHocxbio cxpoeniiH ;iiicnepc- 
Hbix BemecxB npouecc xenjiooSMeHa b hhx ox.ximaexcn pa/oM 
cnemi(j)HqecKiix oco6eHHocxeH. Bonpocbi xenjioo6.MeHa nmi xe- 
qeHHH aepHHcxbix cpe;i. b xpy6ax Majio iiayqeiibi. IlMeexcH jiimib 
He3Haqiixe.3bHoe qiicjio pa6ox, oxhocbuihxch k 3 X 011 oe.iacxn 

lueHHbif BjiHaHiie Ha Ten.TOofiMeH noBbi- 

uieHHbix (Oo^xee 4/3 K) xeMnepaxyp. 

Hameg 3a;iaqeg 6br7io ycxanoBHXb aKcnepHMenxajibHbiM nvxeM 
oSuiHe aaKOHOMepHocxH npopecca xenjioo6MeHa npH rpapH- 
xamioHHOM xeqenmi Harpexoro cbinyqero Maxepnajia b BepxH- 
Ka^bHbix xpy6ax. PaccMoxpeno xeqeHHe n.xoxHoro Cbion no bxo- 
pon (|)opMe B yc.xoBHBx miipoKoro nBMeHeHiin ochobhhx napa- 
TCMnepaxype ^ncnepcHoro Maxepiia^xa 

ycTaHOBKa, MexoflHKa 

B Hcc.ieAOBaHini npiiMeHn.iicH HetjDpaKmioHiipoBaHHbin bo3- 
flymno-cyxoii KBappeBbiii necoK co cpe^HiiM jiiiaMexpoM sepna 
0,22 MM II iicxHHHbiM y;ie,ibHbiM BecoM yo = 2649 Ke/M^ cpopMa 
sepen OKpyrjian. 

VcxaHOBKa 3KcnepHMenxoB npe;i.cxaB,TeHa na pnc 1 

BvHKep / ji.ia HarpcBa necio iiMeex eMKocxb 350 Ke. Harpe- 


Baxe,Tb COCXOHX 113 HHXpOMOBOg npOBO,10KH, paBHOMepHo paSMe- 
meHHoii no 061.6x1}^ oynKepa. Harpexbiii necoK nocxynaex b cMe- 
CHxejibHyio xpy6y 2. Ha noBepxnocxn xpy6bi iiMeexcn xenjiOBofi 
KOMnencaxop. Henocpe^IcxBeHHo cMeciixe^Xb cocxoiix 113 xpy6bi, 
B cxcHKe KoxopoH BbicBep.ieHbi oxsepcxiiH. 3xa xpy6a BcxaBJiena 
B xpy6y 2 - xax, qxo6bi necoK cnaqajia nocxynaji b cMecnxe.xb, 3a- 
xeM, npofiiiH qepea oxBepcxiiH, Bbicbina^xcn b KojibueBon aaaop 

(2>- Q xpy6y 2 . OnncaHHbig uhkji no- 

r — ^ r= BxopnexcH eme paa. B peay.nb- 

■JLLl ^ xaxe 3xoro b xpy6y 3 nocxynaex 

111111 f necoK c nocxoHHHOH no ceqeHHio 

"I I | | — 1:1 L -- -I * xpySbi xeMnepaxypoH. CMeHnan 

iillllilli 3KcnepHMeHxa,xbHaH xpy6a 3 

Haxo;iHxcn b Ko^yxe, Ky^ia no- 

\|/ cxynaex cnnay narpexan ^o kh- 

— ft 0 neniiH Bo/ia. ripHMeHH.nHCb xpv- 

I 9 I ^ Sw c TiHaMexpaMH 55,4; 41,5; 

r" 26,7; 16,0. 1 U 1 (xa6.,x. ). 

I T a 6 .1 H u a 

jl f"" H ’l l XapaKTepHCTHKa aKcnepHMeHxajibHbix rpyS 


0-103, .1/ 

L-W^. -It 

L 

D 

55,4 

946 

17,08 

55,4 

1914 

35,61 

55,4 

1892 

34,15 

55,4 

1922 

34,75 

26,7 

2000 

74,90 

16,0 

1868 

116,80 

41 ,5 

708 

17,06 

41,5 

1062 

25,59 

41 .5 

1416 

34, 12 

41,5 

1770 

42,70 


Phc, 1. SKcnepiiMeHxajibHa 
yCTHHOBKa 


OecoK qepea BbixojiKoe ycxpoficxBo 4 ccbinaexca b nmiiK. Pe- 
ryjiHpoBaHHe cKopocxn ABHJKeHiin necKa npoH3Bo;iHxcH nyxeM 
CMeHbi aHa4)parM. B xpy6ax na necKOJibKiix ypoBHux npii noMo- 
mn rpeoeHKH ns xepMonap, saKpenjieHHbix b oSoHMe , iisMepn- 
excH xeMnepaxypnoe nojie necKa. HcnojibsoBajiiicb xpoMejib-KO- 
nejieBbie xepMonapbi jiiiaMexpoM 0,0 mm. Fo^iobkh xepMonap ox- 
cxoHx ox oSoHMbi Ha 30 MM. Saniicb noKaaaHiin xeMnepaxypbi 
24-xoqeqHOM s.aeKxpoHHO.M noxeniiHOMexpe 

Ha B03M0>KH0CXb npHMCHeHHH XepMOnap HSMepeHHH 

xeiMnepaxypbi CbinyqHx BemecxB vKasbiBaiox mhoxhc aBxopbi [4, 
O], OjinaKo npii aBH}«eHHH aepHiicxon cpejibi iiaMepeHiie xeitine- 

3. 3aK.279 JJ3 
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parvpw iiecKo.ribKo oc.io;4<u5ieTC5i. BpHint c coTpxitmfKa.MH ;[1J ii 
hS. AOHCKOB [5] OTMeMaiOT, MTo B 3TOM c.iyqae noKaaaHUH xep- 
Monap HecTa6HJibHbT. Mbi npeAnojiojKH.iH, mto Ko.ieoaHHH xe.M- 
nepaxypbi cBBsaHbi c Ma.xbiM ^iHaMexpoM cnaB xep.Monapbi 
O' B- MOHCKOBa, HanpH.Mep. anaMexp xep.Monapbi 0,1 .lut). 
llpn nBH}«eHiiii cbinyqen cpeabi rojioBKa xepMonapbi KonxaKxn- 
pyex c Ma„xbiM micjioM sepen, a 3xo Be^iex k CKaMKoo6pa3HOMv 
H3MeHeHHK) 66 X6pM03;iC. ^ 

HaMH iicnovib30Bajiiicb x6pMonapbi c ipiaMexpoM ro,xoBKii 
1 MM . npocx6iimiie pacnexbi noKa3biBaiox, nxo b sxom c^xynae 
c Hen KOHxaKxnpyex HecKOJibKo JiecHXKOB aepen necKa. B onbi- 
xax npH paSoxe c xaKiiMii xepMonapaMii Ko,xe6aHHn xeMneoa- 
xypbi He 6bLxo saMeneno. ^ 

Ajih ycxaHOBJieHiiH xohhocxii noKasaHini xepMonap obijin 
npoBe^enbi onbixbi no onpeAejieHiiK) xe.Mnepaxypbi jiBHHiymerocH 
H ocxaHOB,xeHHoro c,xoh necKa. ycxonniiBocxb paSoxbi n a6co- 
,xioxHbie BHaneHiiH noKaaaHHii xepMonap He na.MeHHjincb. TeMne- 
paxypa cxenoK xpy6bi b onbixax KOHxpo,xnpoBa.xacb ii b pacne- 
xa.x npuHHxa paBHoii xeMnepaxype Bojibi. 


Pesyjibxaxbi SKcnepHMeHxoB 

B onbixax (6] ycxaHOBJieno, nxo b ceneHiiii xpvdbi npn jiBUHve- 
HHH B Hen AiicnepcHoro Maxepnajia no Bxopoii (jiopMe BosHHKaioT 
;iBe 30Hbi c paajinnHbiM xapaKxepOM nepeMemeHiin. B n^pe no- 
xoKa HadJiio/iaexcH cxepjKneBoe xeneHHe 6e3 oxHocHxejibHoro 
CMemeHHH nacxiiqeK. Ha nepinfiepHu, b npiicxennoM cjioe nponc- 
xo;tHx nocxoHHHoe nepeMemiiBaHiie qacxiineK. TaKiiM odpasoM 
B npHcxeHHOM c,xoe onpeAe^xennyio po,xb nrpaex Mo^xnpHbifl ne- 
penoc xen.xa. Hpouecc nepeMeiuHBaHiiH c,iosi nHxeHCHibHUHpv- 
excH c pocxoM cKopocxH. OjioxHocxb Maxepiia.xa b npiicxenno-M 
cjioe Hn>Ke, neM b ueHxpajibHoii nacxii xpydbi. BcaencxBiie axoro 
KHHeMaximecKHe n xenjio(tni3iiqecKHe xapaKxepncxnKn nncnenc- 
HOH CHcxeMbi B npncxeHHOM cjioe npexepneBaiox iiaMeHeniie 
B;;ojib cxeHKH xpydbi b npiicxennoM c,xoe odpasvexcn norpa- 
HHHHbiH C,X0H jiHcnepcHOHHOH cpejibi, KOXOpblft' HenpepbIBHO 
BOBMymaexcH ABHHcymHMiicji B;i,ojib cxeHKii XBepiibiMH qacxim- 
KaMii MaxepHa.xa. axe/ioBaxe,ibHo, nepejiaqa xen,xa ox flBiiJKy- 
ipencH flHcnepcHOH ciicxeMbi k cxeHKe ocymecxBjinexcH non bo3- 
AeiicxBiieM uenoro pn^a 4>aKxopoB. OpeHKa scex cocxaBJiHioimix 
npopecca xenjiood.Mena npejicxa annex dojibiniie xpyjIHocxn. On- 
HaKo HaM He odnaaxejibHo anaxb Bce ocodeHHocxn ycnoBHii xeii- 
noodMeHa. B sKcnepiiMeHxax Heodxo;iiiMo onpe/ienuxb odmee 
KOJinqecxBO xenna, nepe^aBaeMoro ox narpexoro jiHcnepcHoro 
Maxepiiana k cxenne. 3xo Ko.xnqecxBo xenna mo>kho Bbipaan^b 


qepes neKoxopbiii 3(|)4)eKxnBHbin KoscInJiHmieHx xennood.Mena (a), 
yqnxbiBatomnH BjiHHHiie Bcex (JiaKxopoB jianHoro npouecca 

B pacqexax iicnojibaoBan cpeAHiiii na yqacxKe xpydbi ko 3 (|)- 
4)Hu,HeHx xennoodMena. Hpii ero onpeiiejieHiin cjxenaHbi neKoxo- 
pbie TjonymeHHH n ycpe^HeHnn. B qacxHocxn, 3HaqeHiiH cKopocxii 
II nnoxHocxH b KaH<n.oM onwre npiiHnxbi nocxonHHbiMii no BceMy 
od-beMv Maxepnana b xpyde. Tenno^jnaiiqecKiie .xapaKxepiicxiiKii 
.MaxepHana aaBiicAX xonbKO ox nnoxHocxn ii xeMnepaxypbi. 3a 
onpejieTiHioimie npiiHHXbi BejiiiqiiHa BHyxpeHHero jinaMexpa xpy- 
dbi D H 3HaqeHiie cperiHejiorapH(|)MHqecKOH xeMnepaxypbi nec- 
Ka Ha xennoodMCHHOM yqacxKe. Tennoxon xpeHiin n aKciiajib- 
Hoii xennonpoBojiHocxbK) Maxepiiajia npenedperaeM. 

OdodmeHHan KpiixepiiajibHan aaBiiciiMOcxb ;ijih paccMaxpii- 
BaeMoro nponecca nonyqena b peaynbxaxe aHaniiaa ypaBHeHiiii 
xennoodMena, a xaKJKe ypaBHeHiin jiBHHceHnn nncnepcHoro Ma- 
xepiia.xa, nonyqeHHbix F. A. FenHeBbiM [ 9 ]. ypaBHenne xenno- 
Boro dananca npn T^BIIH<eHHII ^iicnepcHoro Maxepiiana b xpyde 
iiMeex Biiji 

7- DL {t, — 4t) = c ( 1) 

4 

r^e = At “i ^7 cpeAHenorapinbMuqecKaH xeM- 

^BhtX At 

nepaxypa MaxepHa.xa. 

Ha ocHOBe paccMoxpeHiin ciicxeMbi ypaBHeHiin jiBiuKeniin 
n,HcnepcHoro Maxepnajia dbijin nojiyqeHbi KOMnneKCbi niapoMe- 
xaHnqecKoro noaodiin. HpaKxnqecKoe^ iicnojibaoBaHiie HeKoxo- 
pbix H3 HHx Bcxpeqaex onpejieneHHbie xpyriHocxH b cbhsh c ox- 
cyxcxBiieM MexoiinK nsMepeHnn BXOAnmHx b hiix BejiiiqiiH. K hhm 
oxHocnxcH yroji BHyxpeHHero xpeHHH Maxepnajia b ABiiHceHim 
(p, HanpnHceHiie cuenneHnn Me>KAy aepnaMii K, Bbicoxa ({ihkxiib- 
Horo cjioH, onpeaejiHiomero iiaBnenne b jiannoM ceqeHiiii /i^p- 
Ho HMeromiiMCH JinxepaxypnbiM jiaHHbiM, anaqeHHn /C n tp b oc- 
HOBHOM aaBHcnx ox nopHcxocxH. HpoBeneHHbie sKcnepuMeHXbi 
no3BOJi.qiox npeanojiaraxb xaKHce, qxo Bejmqn^a onpejiejiH- 

excH nopHcxocxbio. ,B uennx ^rjjodcxBa odpameniiH c nojiyqeHHOii 
aaBHciiMocxbK) H co.xpaHeHHs 4)H3HqecKOH Mo.rienH nponecca 
KOMnjieKcbi, aaBHCflinne ox nopncxocxn b ododuieHHOM ypaBHe- 
HHH, 3aMeHeHbi 3HaqeHneM nopncxocxn p. 

^ Cxporo roBopH, npuMeneinie Kogtp^mmJ'^iixa Ten.xoo6MeHa n.iH sepini- 
•CToro MHTepna.ia b onpene.ieHnoM cMucjie vc.iobho. Sjiecb iiaao vmiTbiBaTb 
CBOeoSpaaiie KiineMaTHKn npouecca. BMecxe c xom nonoSHbifi nonxo’a k npo6- 
-xcMe nosBO.XBox oueniiTb no.xvMenubie pesy.ibxaxbi c oSuienpnnaxofi xoqKii 
apemiH xeopiiii norpamrmioro c.xoh. 
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^ ■^ennOoSMena H UBIi/KemiH [91 h.-jh Tiirnpn 

cHoro Marepn^a Ha.aimue npucTeHHoro cjioh He npiiHiiMaercH 

BO BHiiMaHHe. OriHaKo He.ibSH He oTKH^aTb ero bjihhhhb hL nco 
uecc Tenjioo6MeHa. Kan ycTaHOBJieno b onbirax [6] ToiuiHHa 
npHCTeHHoro c.ioh onperie^iHexcH b ochobhom cpeinHM pTaMe 
poM HacTim. C iipyroii CTopoHbi, OTHociiTe.ibHaH ^TO.nmHHa nnii- 
cxeHHoro c.xor saBiicHx ox ziiiaMexpa xpySbi. DoaxoMy b o6o 6- 
/ °r mcHHoe ypaBHeHiie BBe^ien na- 


4 °c 










Jffff 


\l 






\ 




zoo^ 







Piic. 2. TeMneparypnoe none b Tpv6e - •• - 

nnaMerpoM 26,7 nui; ' OOb.eM Maxepiiavia, OXBaneH- 

/ — TCM 7 TcpaTyi>a na B.xoae b rpyoy- HpOLieCCOM XeO.IOOSMeHa 

B.,..xoac Tpyow: 5 - B.aomaab tp^Gb. XapaKXeppIByexCH HCKOXOpblM 

S5=™s=tiiii-pE 

Mepe xapaKTep„ 3 oBaTB‘^pa 3 ^B'^,.r„e npo"u«™. 

TXDHorn n?n ® KpHTepHa.ibHoe vpaBHeHHe 'reMnepa- 

napa.MexpuqecKoro KpnxepiiH, Koxopuft npencxaBinex 

B peayjibTare KpuTepnaabHaa aaBHCHMOCTfa. oniicuBaionna 
"P" --epcHo/o 

Nu_/(pe, ^2> 

paTvpb, no ce^eHuro Tpyotn pTO. 2TraBmK7mS,ca^ "lare’p^™^^^ 

OTMenaeTca paa-mnne B xapaKTepe nepeaaan renarB ueHTi.?-.b 

HO., Mac™ „ B npHCTcHHoM 

B ..pncTeHHoM c.TOe no .Mepe np„6,™*eH„a k creHKe .me? b Soaee 
aaMeaaeHHOM reMne, mbm b ueHrpe Tpyobi. Sra oBaacTb Loonm 
Xo^c.TOH.™ o6-iacTbK> KiiHeManiMecKoro npiicreH- 
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paMexpHHecKHH KpnxepHii 
D/d, xapaKxepHsyromnH b,ihh- 
Hue npncxeHHoro cjioh. 

SHaqeHHH xenjio(|)H3Hqec- 
KHX KOHcxaHx, iiojiyqeHHbie 
B OHbixax [8] Ha ochobb i\ie- 
XOJIHKH, paspaeoxanHofi E. E 
BHlHHeBCKHM [7], HpHHHXbl 311 - 
BHCHMblMH OX onpeaejiHioin,eH 
xeMnepaxypbr, ox nopHcxocxir 

H nOCXOHHHblMH HO CGHeHUlO 

xpyS.bi H no nJiHHe xenjiooS- 
-MeHHoro yqacxKa. On.HaKO 


B onbixax nepena;^ xeMnepaxypbi ox BHemnero cnon necKa 
K cxeHKe xpySbi jtocxnran 373° K n 6o.xee. 3xo osHanaex, nxo, ne- 
cMoxpn Ha nepeMemiiBaHiie qacxnqeK Maxepiiajia n raaoBoii npo- 
c.xoHKii, oco6eHHo iiHxeHciiBHoe B naHHOM Mecxe, ocHOBHoe xep- 
MimecKoe conpoxHBjieHHe cocpe^oxoneHo na rpaHnue Mencjiy ;].bh- 
:*ymiiMCH MaxepnajiOM ii cxeHKoft. 

HHxepecHO Sutio npocne^HXb HSMeneHiie xeMnepaxypbi b paa- 
niiHHbix xpy6ax. C sxofi uejibio onpeTieTiHJiH SKcnepHAieHxajib- 
Hyio saBHCHMOcxb tf=f(Fo,t^^). B nauieM cjiynae KpnxepHft 

<I>ypbe onpe^e.xHexcH cooxHomeHneM Fo = — ^ — . HsMe- 

uioD D 

Henne BeJiHHHHbi Fo b Kaac^lOM onbixe npoHCxo;iHT totibko aa 
cnex HSMeneHiiH BejinqiiHbi L (saMep xeMnepaxypHbix novxeii 
npoH3Bo;i.HXCH no ji.’iHHe xpySw). CxopocTb h ^HaMerp xpy6fai 
ocxaioxcH nocxoHHHbiMH. TeM caMbiM jiocTHraexcH novXHoe eii,n- 
HOoSpasne npon,ecca co cxopoHbi napawexpos, BbiHniomiix na 
nocxpoeniie xeMnepaxypnoro no.?iH necxa. 

B onbixax oxMeqaexcn 6o- 

nee iiHxeHCHBHoe H3MeHeHHe ~J 

xeMnepaxypbi b xpySax 6onb- “ ' 4^ 

mero nnaMexpa. Taic, 

xpy6bi Di = 55,4 mm xanrenc 

yrna HaKJioHa xapaKxepiicxn- . "" 

KH lg/^^/(Fo) n, = — 2, 7, a 

ana xpySbi £>2 = 41,5 mm 722= £^ 41 . 

= — 2,33. 3x0 osHanaex, qxo 
BoapacxaHHe oxHocHxe,ibHGH 
xonuiHHbi npncxeHHoro cnoa 

npii yMeHbiiieHHH jinaMexpa —f 

xpy6bi cHHHcaex HHxeHCHB- Ilj 

Hocxb npouecca xen^iooSMena. 

B ue.iiax ynpomennH 0606- ^ f ' 

meHHOH 3aBHCIIMOCXH npoH3- ‘'9’^** 

BezieHO VCpeaHenne naHHbIX O^oomenHan cpeAHe.Tiorapnc|)- 

no.nyMeHHaH 3.<cnep„MeH: , TTTSl 1 o 

xaabHaa (fiop.MycXa zijih 3Ha- 

qeHHH cpenHenorapHtJiMnqecKOH xeMnepaxypbi ;],Bii>KymerocH no 
xpy6e cjioa necKa HMeex Bun, " • 

' tf = (3) 

sKcnepHMeHxabXbHbix xonen (puc. 3 ) He npeBbimaex 
±b/o. npH nocxpoeHHii aaBiicnMocxn ( 3 ) Ha6jiio;iaexcH rpynno- 
Boe paccjioeHiie xonen zijih xpyfi pasHbix zmaMexpoB. 3xo hb^ih- 
exca cjiezicxBHeM naMeneHUH b xpy6ax oxHociixe.TbHofi xonmiiHbi 
npncxeHHoro cnon. C yMCHbuieHneM ziiiaMexpa xpy6bi xohkh pac- 
nojiaraioxcH zia.ibme ox xcopexiinecKon KpiiBon. 
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TeMiieparypa necKa Ha Bxoiie b SKcnepHMeHTa.ibHvio tdv 6\' 
B TeqeHiie Kawi^oro onwra ocTaercn HensMeHHoir ^epes onoeae 
■leHHbiif npoMenvyroK BpeMeHii ox naqa.ia onbixa xeMnepa^Tvoa 

a = (^B\ ^BX ^Bblx) 

onpeae.TOK.Tca nvTe.M rpa- 
Jmh t^ 6 °i TeMneparypHoro noaa (pnc. 2 ) b ce?e- 

^tdS 

s' 

rj.e 6 — naoma.Xb xpygbi. 

BHaqeHiiH a c pocxoM cKopocxii yBeanmiBaioTCH 
(p . 4), o^tHaKo xeMH iix pocxa nocxeneHHo saMeijiHexca OaHoii 
..3 np„,„H pocT B „ aB..iaeTca HHTeHc,, 4 ,HKau,TO npoSoca nepe- 

^fra^/Af^Vffc-e/faff j I 






.o-/ 

A At? 

mu-3 


n "?-T.n.KPxn'”fi"'' ^>aTepna.na, AnaMerpa - 

a.itiLfai Tp\6bi na K03(j)c|)nmie«T Ten.aoo6.\iena: 

/ A, 0=1, 0: 2 — 0.3,6; 3 — 34,1 (cnaouiHaa niiHiia -- 
'-’ = 00,4 MM, nyHKTHH — 41,5) 

MemiiBaHHH qacrimeK h laaoBofi npocxioiiKii b npncxcHHOM cxoe 

™ « OHH*eH5;rTOa°eH,m a 

nmHkl ^ ® 06-bHCHeHO TO.TbKO POCTOM OTHOCHTe.TbHOH TOl- 

muHbi npHcTCHHoro. c.Toa. SaMeacHO, mo B.TnaHiie ckodocth nno 
aBoaercH b ScTbrneft cTeneHn „a KopoTKax y" acTKaTTen.TO^e: 

KaK nOK-aSblBaiOT OnbITbl, HHXeHCHBHbcTb pocxa Be.lHqHHbl / 
C. yBe^H^eHHeM xeMnepaxypbi 6o,xee BbicoKa hcm SHaqeHHfi ^ 
3-0 npHBO^HT K noHB^eHHio oxpimaxe^bHoro vrjia HakxxoHa 
saBHCHMocxH IgNu = /(lgij. TaHrcHC ero paaeH -0,31. 

IIA ' 


npH nocxpocHHH cooTHOiucHufi lgNu = /{lgPe) (piiC. o> 
ycxaHOB.xeHO, qxo yro.i HaKvioHa 3 thx xapaKxepHCTiiK hsmc 

HHexca B saBHCHMOCXH ox cooxHomeHHH . Be.iiiiinHa xan- 

renca yr.ia HaK-nona onucHBaexcn aMnupHqecKOfi cj3opMy.xoH 

/ T \ — 0,545 

«=2.92( — ) . (6> 


Paaopoc SKcnepHMeHxa.xbHbix xoneK cocxaB.xHex Menee ±2%. 

yMeHbuieHiie yr.xa HannoHa yKaaanHbix xapaKxepiicxiiK npii 
ysenimeHiiH cooxHomeHiiH LJD mo»:ho o6-bHCHiiXb cMe^yiomuM. 

I — . . 



if IjPe 

Pile. 5. Peay.ibTaTbi axcnepiiMeHTOB no Ten.noo6- 


Meny ;iBiiacyuieroc5i b Tpy6ax n.ioTHoro c.ion 
.incnepcHoro MaTepna.ia: 

/> = 55,4 .ir.M; _/ — .A//)= 17,08; 2 — 25,6; 3 — 34,15; 4 — 
^,/o; p = 26,/ .n.!.-. r, — 74,20; Z)=16.0 mm- 6 — 116.S: 
A> = 41,t) .v.«; / — I7,IK>; S — 25,59; 9 — 34.12; tO — 42,70 


Ha yqacxKe xenjioBoft cxa 6 HjiH 3 ami.H Be.iHqiiHa L yMeHbuiaexca. 
npHqeM nHxeHciiBHocxb ee iiBMeHeHiiH cHHJKaexcH no xen- 

biooSMCHHoro yqacxKa. B onbixax xenjiOBan cxaO.HJiiisamiH He 
nacxynaex jiame npn sHaqeHHHx L/D = 48. Bjiaroflapa MajioMv 
B,iHsiHHK) cKopocxH xeqeHHH necKa na 4 )opiMHpoBaHne no.an cko- 
pocTefi. a cjieitOBaxesibHo, n na (JiopMupoBaHHe nojiH xeMnepaxyp, 
BpeMH, HeoOxoAHMoe ajih aocxHacennH craOnjibHoro npouecca 
xenjiooSMeHa b cbmom Maxepaajie, MeHaexca mbjio co cKopocxBK). 
IIsMeHeHiie cKopocxii xeneHHH npnBojiHx jihuil k HSMeHeHnio spe- 
MeHH HaxojKfleHHH cbinyqero Maxepnajia Jia AaHHOM yqacxKe xpy- 
obi, X. e. K HSMeHeHHK) jiJiMHbi yqacxKa craOHJiiiaanHii. Oxcio^a 
cjieayex, qxo na KopoxKHx yqacxKax c HHxeHCHBHbiM cnai^anneM 
K 03 (j)(J)iiu,HeHxa xenjiooSMeHa HSMeHeHiie cKopocxii 6 o 7 iee pesKo 
cKasbiBaexcn na ero Be.iiiqiiHe, qeM Ha ,a, 7 iHHHbix yqacxKax, rj,e 



Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 




Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


Be.iimuHa K03(Jj(|)iiuneHTa Ten.ioooMeHa MeHnercn Majio 3 tii\i 
T aKTKe ogBHCHHeTCH no.nyqeHHoe b onbixax iisMeHeHHe yma na- 
KJioHa xapaKTepiicTHK Ig Nu = / (Ig L/D), x. e. BHaqeHiifi qnc.ia 
^ SeapasMepHofi ji.iHHbi xpySbi (piic. 6} 

OeoGipeHnaH 4)opMy.ia, onHCbiBaiomaa npouecc xen.iiooGMeHa 
B SKcnepHMeHxax, no.ayqeHa MexoiiOM .lorapucjDMijqecKofi anaMop- 


Nu = 1,22- 10^ 




/ \ d 1 

{ 'c, ! 























rj,e 11 = 2,92 i ’ . 

\ D ) 

cI>opMyjia cnpaBe;i.THBa npH 


17,1 7 

. L , 

D 

: 116,3: 

72,8 . 

. D 

■' d 

>252; 

1,34 

y.r jL_ 

icT 

:3,97; 

500 -< 

CPe< 

7500. 


Pile. 6. B.iiiHuiie anmibi xpvobi 

iia Ten.ioo6MeH npii Pe = 4000: 500 Pe 7500 

1 - £>=.55,4 MM-, 2 - 41.5: tg^= 0,4 

SnaqeHHH tf onpe.ne.45iK)TCH paeeHCTBo.M (3). Paaopoc xoqeK co- 
cxaBJiHex ±20%. 

B SKcnepuMeHxax He o6Hapy>KeHo b.iiihhhh Ha npouecc xen- 
.loooMeHa KpiixepnH Fr ii BejiuqHHbi nopncxocxii. 

Anajiua npoBeucHHoro Hcc.ieuoBaHHH noaBo.anex c^ejiaxh c.ie- 
uyiouine BbiBOAbi: 

1. Hcno.ibaoBaHHbiu b paGoxe 34)4)eKXHBHbiH K03d)(biiuHeHx 
Ten.xooSMeHa no3Bo,q>xex ycneuiHo onneaxb pnu ocoGeHHocxeu 
npouecca xeMooGMeua npii /tBUHveHim iuicnepcHbix cHcxeM b 
Tpyoax H oooouiHXb iiMerou^HecH b jiuxepaxype uaHUbie. 

2. SKcnepiiMeHXbi noaBOJiujiu nojiyqiixb oGoGmennyio aaBHcii- 
Moexb, oniicbiBarouiyio npouecc xenjiooSMeHa npu xeqeHuu cbiny- 
qeu cpeubi (necKa) b BepxnKajibUbix xpyGax b npeue.nax xeMnepk- 
xyp — 573 K npu xeMnepaxype cxeuKu 373° K. 

3. i cxaHOB.ieHo BJiiisiHiie na xenjiooSxieH npucxeHHoro cxion 
HBJiHiomeroca xepMiiqecKiiM conpoxHBJieHiieM. 

4. HccjieaoBaHne xapauxepa xeneHiiH necua b xpyGax u,a,io 
B03Mo>KHocxb oGuHCHuxb ocoScHHocxii npouccca xenjiooSxieHa 
xi^>^b^ 4BH>Kyuui.MCR nnoxHbiM c.ioe.M cbinyqeu epeubi u cxeuKoii 
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0603HaHeHHB 

^Bbi.x — xeMnepaxypa cooTBexcxseHHO ua BXOAe ii buxoac 
xen.iooOMeHHoro yqacxKa; — xeMnepaxypa cxeuKii xpv6bi: 
Nu = aDl\ — qnc.?io Hycce.ibxa; Pe = tooZ)/af — Kpiixepufi OeKJie; 
Fr = Dg/o)2 — Kpuxepufl Opyua. 
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O. r. MAPTbIHEHKO. !!. C. PEB3HH, B. If. ^EHOPOB 

OnPE^EJlEHHE KOHU.EHTPAU.HH TBEP^blX HACTHU 
B nOTOKE nblJlEBSBECH 

OepeHoc TBep;i,oro Me.iKOiipo 6 .ieHoro BemecTea raaoBbiM no- 
TOKOM aB.^fleTOH UIHPOKO pacnpocTpaHeHHbiM TexHOJioniqecKiiM 
npoueccoM. 

HanSonee iiHrepecHbiM BonpoeoM, na Koropbiii HeoaHOKpaxHo 
o6pama.TiH BHHMaHne iicc.xejioBaTejiH, BB^aercH Bonpoc o HajiHqiiH 

H Be.XIiqHHe CKO.Xb/KeHHH qaCTUB B nOTOKe, nOCKOJIbKV 063373 TBep- 
3 fcix qacTHu rasoBbiM noxoKOM npiiBo^Hx k cymecxBeHHoft HHxeH- 
cii(|)HKamin xenjioMaccoo 6 MeHHbix npoueccoB Me^K^y raaoM n qa- 
cxima.MH. rioaxoMy 3351 npaKTHKii Ba>KHo anaxb saKOHOMepHocxii 
3 BH 3 veHHH 3 Byx{j 3 a 3 Horo noxoKa ii iiMexb BosMoacHocxb pacqexa 
3 eftcTBiixe 3 bHbrx se^HqHH KOHueHxpamiii xBep 3 oft (|)a 3 bi b 31060 .M 
ceqeHHH xexHo.xoxHqecKon h.xh SHeprexiiqecKOH ycTanoBKii ii b 
31060 H MOMeHX BpeMCHH. 

no3yqeHHB pacqexHbix 4 »opMy 3 6 br 3 a npoBe3eHa sKcne- 
pii.MeHTa^bHaH pa6oxa, b Koxopoii iicc 3 e 30 Ba 3 ncb 3 aKOHOMepHo- 
cxii 3 BH}KeHiiH qacxHu xop(|)HHoro KOKca 3 HaMexp 0 M 200 MK 
B BepTHKa^bHOM Hncxo 3 HmeM noxoKe B 033 yxa na yqacxKe pas- 

Mexo3iiqecKii 3a3aqa peiua.xacb nyxeM MXHOBeHHoft oxceqKii 
3anbi3eHHoro noxoKa c noc3e3yioi3HM B3BeinHBaHHeM y30B3eH- 
Horo KOKca. AHa^oraqHbiH Mexo3 Hcno3b30Ba3CH H. H. lUnnKo- 
BbiM B 3 HHH AH CCCP, oxKy3a saHMcxBOBaH xaxme cnoco6 3a- 
Mepa Bpe.MeHH cpa6axbiBaHHB aaxBopa. 

Hpn npoBe 3 eHHH pa 6 oxbi ocHOBHoe BHUMaHiie y 3 e 3 Ji 3 ocb bh- 
aBaeHirio po3ii pacqexHoft KOHueHxpaumi qacxim KOKca b npouec- 
ce fix paaroHa. B cb33h c sxhm oxceqKn aanbbieHHoro noxoKa npo- 
n3B03n3Hcb Ha 03 HOM paccxoHHiiii ox Mecxa BB03a KOMnoHenxa. 
HO C mnpOKHM BapbHpOBaHHeM paCMeXHblX KOHUeHXpaUHH. 

npH npoBe 3 eHHH onwxoB 6 bi 3 H npwHHXbi c 3 e 3 yK)mHenpe 3 e 3 bi 
H3MeHeHHH napa.MexpoB onbixoB: cKopocxb noxoKa 10, 15. 

20 M/ceK; npoH3B03Hxe3brtocxfa vcxanoBKH no kokxv 24 9- 40 5- 
ol,3; 71,5 a/MUH. ' - ^ ^ • 

PacqexHaH KOHueHxpauHH KOKca onpe 3 e 3 H 3 acb h 3 Bbipa- 
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HcxHHHaa KOHueHxpapHH no3cqiiXbiBa3acb no (|iopMv.xe 

. ( 2 ) 

B cooxBexcxBiiH c npnHHxofi Mexo 3 HKon 6bLxa iiaroxoB.ieHa 
3KcnepHMeHxa,xbHaH ycxanoBKa, cxeMa Koxopoii npe 3 CxaB 3 eHa na 
pnc. 1. 

no3aBaeMbin nnxaxe^eM 2 kokc qepea xpyoKv 3 nocxyna.i 
B cMeciixe.xb 4, CMemimaocH c B033yiiiHb!M noxoKOM n HanpaB- 




3H3CH qepea oxKpbixbiii 3-axBop 5 B axMoccftepy. no3aqa KOKca pe- 
ry3npoBa3acb iiaMeHenneM HanpHJKeHHsi ^.^eKxpo3Bn^axe,^H no- 
CXOHHHOID xoKa /. Bo33yx B ycxaHOBKy nocxyna.x ox poxamioHHou 
B033yx03yBKii 7, npHB03HM0H BO BpauteHHe S.ieKXpOMOXOpOM cV. 
W33HmeK B033y-xa 'cxpaB.iiiBa.xcH b axMoccjDepy nepea Kpan 6'. 
lPC**r00^^^ B0333cxa aaMepqjiocb rasoBbiM cqexqnKOM xnna 

npH C033aHHH 3KCnepHMeHXa3bH0ft VCXaHOBKH 603blIIOe BHH- 
Manne 6bi3o y3e3eHo npoeKXHpoBaHiiio aaxBopnoro MexaHiisMa. 
^ K. KOHcxpyKUHii aaxBopa npe3'bHB3H3Hcb 3Ba ochobhbix xpe- 
ooBaHHH 30cxaxoqHaH CKopocxb cpa6axbiBaHHH h Ha3e>KHocxb 
H 03H0BpeMeHH0cxb nepeKpbixHH npoxo3Horo ceqeHUH b mccx? 
oxceqKH. 
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c.er TeLoL"repur?aMnSMKr C„rv 7Tar^n" 

npiiBofl aHcKa BO Bpa^H,"" ocvme??B^Bar/™ 

Teax CO cKopocTbfo 2800 o6/muh MeKTpoaeiira- 

cBe. BpeMCB,, „epeKp.™B ^oc^C^Bfa™" B"r|™p„??f 


T =Ti - 


(3) 


Sa BcnHZ^r.M'SnoBKl"""'"’ aanaajiuBa- 

H. H.^Iu„nKo'Ba"'’™"”“°"‘' «« no 

BpeMH cpaeaTUBaHiia aaTBopa noacaHTbiBanocb no (PopMvne 
__ 60/ 

(4) 

BpeMH saKpbiTiiH asTBopa onpeneTmori, Tnw-a^7,i_r r- 
BHaneHHe „3 rpex HSMepeHHfi coc?aBBno xT=0 004T2 

.^-0"0047'’c/::.’’ KaHlna.Te. BpeMn 

■TB0°e”B™K"L™?f BoaaXxo^BKa ^■''' 

pSiSS5£S=l= 


paBHH.nacb 3-4. xxpc^.Hocxb noBTopeHHB onbiroB 

Pe^.xbTaxbi npoBeneHHbix onbixoB npeAcxaBneHbi na pnc. 
ns»i^Tlx,r^ BH.HHO H3 puC. 3, Bce KpHBbie HMeiOT HJieHXIiqHblH xa- 
paKxep. llpii CKOPOCXII B03;iymHoro noxoKa 10 M/ceK KOHuenxpa- 



.vicnnciCM C H3MeHeHlieM 6X0 MHHVTHOII 

no^aPH, ocoOeHHo npn 6ojibuiHx ^o.^aqax. Oo Mepe pocxa cLpo- 
K c6™eL«° P""-'"’""" <:TaH0BHTca cnaPee, KpHBBie crpeMBTcn 



noTOKa : 

^ — W' = 10 M/ceK; 2—15: 3 — 20 


npHqe.M 3TO OTHouiCHHe Boapacxaex c yBe^ximenneM CKopocxii no^ 
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OSoomeHHaa saBuciiMOCTb oTHOciiTe.ibHoi'i KOHueHTpamin 
Ck/Ck ot 6e3pa3MepHoro napaMerpa /. npe;i,CTaB.ieHa Ha pnc. 5. 
riapaMerp / MOHceT obiTb HaH;i,eH H3 ypaBHemia^ 

■/ = 20,2 ^ . (5) 

TaKiiM oopaaoM, napaMexp / BKJitoqaex b ceoa Bce cjjaKxopbi, 
odvc.xoB.xHBaiomiie peTKiiM uBiiJKeHna aacTHu, KOKca b raaoBOM 
noxoKe. 



Pnc. 5. OyHKmiOHa.ibHafl aaencHMOCTb C"/C^=;(7.): 

1 — 4 — TO >Ke, 'ITO H Ha PHC. 3 


Bce sKcnepiiMeHxajibHbie KpuBbie pnc. 3 vAOB.iexBopHxe.ibHo 
OHHCblBaiOXCH ypaBHCHIieM BH^a 

= (6) 

To, qxo SKcnepiiMeHxajibHbie tomkh He VK.iaAbmaioxcH na OAHy 
KpiiByio, a pacc.xaii3aK)TCH b saBHCHMOcxH ox pacMexHoft KOHuen- 
xpauHH, no3BOjiHex saKJiKjqiixb, qxo BsanMOAeHcxBue qacxHU Apyr 
c ApyroM H CO cxeHKofi xpy6bi HaKAaAbisaex cymecxBeHHbift oxne- 
qaxoK Ha xapaicxep ABHAceHHH nbiAeBSBecii. 

yquxbiBasi nponopmiOHaAbHocxb MeJKAy oxHomeHiieM iicxhh- 
Hoii H pacnexHofi KOHii.eHxpaii,HH h oxHomenkeM cKopocxefi noxoKa 
H qacxHU, MOJKHO, iicnojibaya 3KcnepiiMeHxajibHoe ypaBHCHHe (6), 
onpeAeJiHXb oxHocHxe.nbHyro cKopocxb noxoi-ca b BiiAe 

i) , 7 ) 


Opii Haoitmiii Maccooo.MeHa .mctkav XBepAOii (Jtaaoi'i n rasoM 
BeAHHHHa Maccoo6MeHHoro Kpnxepiia Hycce.ibxa motkbx obixb 
onpeAeACHa 113 Bbipa>KeHiiH 

Nu^ =2 4- 0,16Re°’®'. (8) 

SHaqeHne qiicAa Re naxoAHxcn no BeaHMiiHe oxHocuxeAbHofi cko- 
pocxH. 

noAyqeHHbie ypaBHeHiin rosboahiox onpeACAHXb iicxiiHHbie 
KOHu,eHxpaH,iin qacxim no iisBecxHUM pacxoAaM rasa ii xaepAon 
(Jjasbi H MX 4)H3HqecKiiM napaMexpaM, a xaKJKe cKopocxb nacxim 
oxHocHxe.xbHO noxoKa. 

06o3HaqeHHJi 

— noAana KOKca; — pacxoA BOSAyxa; — HasecKa 
KOKca,- yAOBAeHHaH b oxceMHofi KaMcpe aaxBO.pa; V — o6x>eM ox- 
cenHOft KaMepbi; Xi — speMH cpa6axbiBaHHH saxBopa; Tq speMH 
sanasAbiBaHHH BcnbiiuKn .lawnonKH; I — AAHHa aaCBencHHoft no- 
AOCKH nAeHKii; — Anawexp ahckb; n — hhcao o6opoxoB ahckb; 
•> — KHkeMaxHqecKasi BH3KOcxb raaa; d — AHaMexp qacxHU, tcoKca; 
Y H — cooxBexcxBeHHO yAevXbHbifi sec raaa h kokcobhx qa- 
CTHu; X — paccxoHHiie ox Mecxa bboah KOMnoneHTOB ao KOHua 
iiccjieAyeMoro yqacxKa; W — CKOpocxb raaoBoro noxoKa; ■^k~ 
3KC.nepHMeHXaAbHblfl K03f})(})HII,HeHX, qHCAeHHO paBHbtft MHHVXHOH 
noAaqe KOKca b a. 
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1. B. A. y c n e H c K n i'i. nHeBMaTimecKiifi TpaHcnopx. roccxpoHiisaaT, 1959. 
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.3. Jl. H. X H X p Ii H. TeopHH ropeHHH 11 Bonpocbi HHxeHCH(J)HKauHH cavHxa- 
liim xBepjbix TonnirB. C6. «npo6,xeMb! 3 HepreTnKii», roc3Heproii3ri,aT, 1960. 


OAA^A " 

■ rio.iyqeHO .'I. H. XiixpiiHbiM. 
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//. T. aJlbHEPHH, B. A. MUHKOB 

OB MCnOJlbSOBAHHH rA30B3BECH B KAHECTBE 
TEnjIOHOCHTEJ15! H PABOHEFO TEJIA 
TEnjIOCHJIOBbIX yCTAHOBOK 

nOBblUieHHH 3^(j)eKTHBHOCTII TenJIOCILlO- 
Bb x ycTSHOBOK >iB.™eTCB y.nymueHHe h.x renaoBoft 3KOHoA?nTOo- 
CTH H cHH:aceHHe ctohmocth o6opy;iOBaHHB. Ojdihhm 113 HaH6ojiee 
y^ymUeHHH TenJIOBOH SKOHOMHqHO- 
SLln ycxanoBOK HB^HexcH noBbimeHiie Haqa.abHoii 

xeMnepaxypbi paSoMero xe^a. SroMy noBbimeHiiio npenHxcxBvex 
orpaHHqeHHaa TKapocxoHKocxb KOHcxpyKunoHHbix MaxepnajioB 11 
™»rre:.SepT4"pM. “ "P~bb.x xapaK.ep„c.„^K npTno'-' 
Bo^buiiiM ciiBiiroM B 3XOM HanpaBJieHiiii hbilicb nepexoii ox 
HH^Hbr°MH>f -1 ^lonaxHaMH k ycxanoBKaM c «Mar- 
HbTp naf^nu ’^'I'CHepaxopaM, B Koxopbix BbicoKoxeMnepaxyp- 
Hbie paSoRne 3JieMeHXbi b sHaqiixejibHoii qacxn pasrpvjKeHbi ox 
MexaHiiqecKHx HanpBJKeHHH. O/iHaKo h b MEZl-renepaxoDax ro 
xpaHBioxcH BbicoKOHanpBTKeHHbie 3.xeMeHXbi, orpaKHmiB^aiomne 
nvPT noBbimeHiiH xeMnepaxypbi. K 3 xiim 3.ieMeHxaM Se- 

.ayex oxHecxii paa.Tiiqnbie xen.ioo6MeHHbie annapaxbi tih bhcoko 
T exmeparypHoro no;iorpeBa B03;,yxa nepea KLepoft cropaHUn 
. najiornqHbie orpanimeHiiH iiMeioxcH n b raaoxypenHHbix^ycxa- 
HOBKax saMKHyxoro miK\?ia, b Koxopbix orpaHnnennaH JKapocxoH 
Kocxb saeMenxoB orneBoro Kox.ia n^pennxcxBvex noBbimenHio nt 
na.ibHOH xeMnepaxypbi Bbime 650—700° C. "^''““^ennio na 

noBbicHXb nanajibnyio xeMnepaxypv miKJia npn sanaHHoii tka- 
pocxoHKocxii Maxepna^^a noBepxnocxii narpesa mojkho nvxeM im 
xencHcpiiKamiH npouecca xen.ioogMena co cxopoHbi narp^BaeMoro 
xenjiohociixe.n5i. Dpii stom o;iHOBpeMeHHo peiuaexcn ii Bxopaa 3a 

noBep^xHocTe." "enrofileH: 

rr,.n ’ c.nejioBaxejibHO, n cxohmocxh Been ycxanoBKii 

nepcneKxiiBHbiM MexoAOM nnxencininiKamiii xen.ioodMeHrnB - 
^nexcH npHMeneHHe itByxcfiaaHbix CKB03Hbix noxoKonocxoHmlfx 

ZrnlT.ir'' ™ " Hecym; “bT 

npiiMeHenne r^syxtJiaaHbix cKBoanux noxoKOB b xen.xocmoBbix 
yexanoBKax cxaiiex oco6eHHo aiJi^ieKXHBHbiM, Kor^a oh^ 6x^ 
iicnojibsoBaHbi ne xo.xbKo b Kaneexse xen.ionocnxe.rifl, ho 'n 


KaK xepMOAHHaMimecKoe paSonee xeao [2]. B 3 xom cviynae 03 ho- 
BpeMeHHo noBbimaexcH xepMimecKiin K.n..n. n y^e.ibHaH paSoxa 

U.1IKJ13. 

yBe^nimenne yaenbHoii paooxw B.ienex 3a 006011 YMenbuieniie 
pa3MepoB H cxoHMOcxn ocHOBHbix 3.ieMeHxoB xen.Tiocn'noBbix vexa- ' 
HOBOK — KOMnpeccopoB. xyp6iiH n ;ip. 

Zlsyx^iasHbie ciicxeMbi Moryx npiiMeHHXbcn kbk b saMKHyxbi.x, 
xaK II B paaoMKHyxbix miK.Tax xen.iOBbix jXBiiraxejieii. Opn npn- 
MeHeHiiii aBvxcJiaaHbix cncxeM oonsaxe.TbHbi.M HB.iHexcn yc.noBiie, 


S d 7S S 



Phc. 1. KoMoiiHiipoBaHHaa 3HeproTexHo.ioni- 
MetKaa \CTaHOBKa BbicoKOTeMnepaTvpnofi 
o6pa6oTKii Marepna.ia 

Mxoobi xsepaan cfiaaa ne BbiabiBa.ia 3pG3iin s.xeMenxos 3Heprexii- 
necKoii cimoBon ycxanoBKii. ^ 

Hexortn 113 3X0X0, B iaMKHvxbix miicqax, r;ie ojiho ii xo nee 
pa6oqee xeno ynacxBvex b npoueceax oieaxim ii pacmupennH 
B KanecxBe nByx(Jia3Hbix ciicxe.M Heo6xo;iHMo npiiMeHHXb aS 
30.111 C pa3MepoM nac-xim XBep.^on cjiaabi 6 <5 mk , xan Kan xaieiie 
nacximbi npaieximecKii 6e3biHepmioHHbi. 

B pasoMKHyxbix nniciax ;i.ih .iiiKBiijianHii noxepb XBepioii eba- 
npHMeHBTb 6o.iee KpynHbie qacTHUbi. KOTopbie 
Moryx 6bixb y.ioB.xenbi coBpeMeHHbiMii nbi.ieyjioBuxe.iaMii Flo- 
Hacxiiubi Moryx Bbi3Baxb 3po3nio 3.ieMeHxoB 
«MexaHiiqecKHe» .lonaxKii, npiiMeneHiie 
aB>\(pa3HbI.v CIICXeM B paaOMKHVXOM miKJie B03M07KH0 .iiiinb B 
3.ieMeHxax. iicno.ibsyiomiix «MarHnxHbie» .lonaxKii. 

ra3oprp6„HHon ycxanoBKii saMKnyxoro nnKJia, paooxa- 
lomeii na ^Byx(ba3HOM paooneM xe.ie, aHa.iornqHa yexanoLe pa- 
ooxaiomeii na o.3Ho(J)a3HOM pa6oqeM xe.ie. CxcMa vcxanoBKii 
L paaoMKHvxbiM miK.ioM npn iicno.ibaoBaHini aByxcbaaHoro paoo- 

9. 3aK. 379 
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4ero re.ia HMeer cneuncJjimecKHe ocooenHOCTii. B KaqecTBe npn- 
Aiepa paccMOTpiiM cxe.viy KOMOiiHupoBaHHOii ycraHOBKif, b koto- 
poii TBep/i.a5i ^aaa sjB.iHeTCH onHOBpeMeHHO -TepMimecKii o6pa6a- 
TbiBaevibiM Ma.TepiiaaoAi, BaeMeHTOM TepMojuiHaMimecKoro 
paooqero xe.ia ii TennoHociixeneM [3]. CxeMa xaicon ycxaHOBKB 
n30opa>KeHa na piic. 1. 

B Airjl-reHepaxope 11 npoHcxo;iiix npouecc npeo 6 pa 30 BaHHH 
xennoBOH BHepruH b B.ieKxpimecKvio. OxxoriHimie H3 MTi^-reHe- 
paxopa ra 3 bi HanpaB.THioxcH noc.neziOBaxe^ibHo b xexHo.ionmecKiin 
peaKxop 10 BbrcoKoxeMnepaxvpHon o 6 pa 6 oxKii cbiriymix xia- 
xepiiaaoB, peKynepaxuBHbin BOsjiyxonojiorpeBaxe.nb 14 h riByxcxv- 
neHMaxbiii KOHxaivXHbift xen.iooS.MeHHUK nojiorpeBa cbipofo 

Maxepiia.ia c nepBoii cxynewbio Harpesa h Bxopoii cxynenbio 4. 

Maxepiia.i b nepayio cxynenb xen.ioofiMeHHUKa no;iaexcn qe- 
pe3 aarpyaoMHbin 6yHKep 9. TepAiimecKii o6pa6oxaHHbiri b peaK- 
xope Maxepiiaa ncn<xib3yexc5i b KawecxBe JiBiivKymeiicH .vie.nKoaep- 
HJicion Haca3:Kn b pereHepaxuBHOM xen.iooSMeHHiiKe c npoiMe>Kv- 
xoMHbiM xBep;ibiM xen.xoHocnxe.ieM 12 a.iH Jiono.XHUxenbHoro 
noiiorpeBa Boaayxa, HaxHexaeMoro b KaMepv cropaHitn WFU.- 
renepaxopa c noMombio KOMnpeccopa 2, npiiBoaiivioro bo spa- 
memie B.ieKTpoaBiiraxeTieAi 3. 

Oxpa6oxaHHbie rasbi nepen noiiaqen b nepsyio cxyiioHb .Sxen- 
.looSMCHHHKa a.TH nojjoxpeBa cbiporo xiaxepiia.xa Harpesaioxcb' 

B KOHxaKXHOM xen.TOoSM enHiiKe — yxiLTitsaxope xen.ia* roxoBoii 
npoa.yKmm 6 (jAiisimecKUM xen.ioM xepMimecKn o6pa6oxaHHoro 
Maxepiia.ia, npome^mero pereHepaxiiBUbiii BosjtyxononorpeBa- 
xeab 12. Ox\xa>KrieHHbin Maxeptia.i 113 xen.qooSxieHHHKa 6 no^a- 
excH B 6yHKep roxoBoro npoavKxa 5, a rasH H3 nepBoii cxyneHit 
cS xen.ioo6MeHHiiKa ji.tr noziorpeBa cbiporo Maxepna.xa c6pacb!- 
BaioxcH B ax.Moc(|)epy (7). Kpoxie xoro, na piic. I mi(bpaMii 1 n 
13 ooo3HaqeHbi cooxBexcxBeHHo noa,BOA Boaay.xa 11 xon.TiHBa. 

TepMoaiiHaMimecKiiH uhkji ycxanoBKir, pa 6 oxaiomeii no pa- 
BOMKHyxoii cxeAie na ;iByx 4 )a 3 HOM padonen xe.xe, ox^iimaexcn ox 
mncia na OjiHo 4 )a 3 HOM xe.ie xo.ibko anuib noTiiixponimecKUM xa- 
paKxepoM npouecca paciniipeHiin. noaiixpommecKHii xapanxep 
npouecca pacmiipeHUfl oSyc.xoB.iHBaexcst xom oScxonxe.xbcxBOM. 
4 X 0 nacxHUbi XBepa,oii (fiaabi, naxGAaianecn b raaoBOM noxoKe npii 
ero pacmiipeHini, iirparox pojib xonennux mcxorhhkob xen^xa. Ho- 
Kaaaxe.xb no.iiixponbi npouecca paciuiipeHiiH xtoTKex 6 bixb onpe- 
ue.ieH II 3 Bbipa>KeHHn 


TepMouiiHaMimecKnii aHa.'nia paaoMKHyxoro imeaabHoro uiik- 
.xa c UByx(})a3HfaiM padomiM' xe.xoM ua.x B03MO>KHocxb no.xymtxb 
c-xeuyiouiiie Bbipanxenim .x.xh K.n.u. n yae.xbHofi paooxbi [2]:" 
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xep.MimecKiiii K.n.Ji. paaoMKHyxoro miK.xa oea perenepau 


- p:c„(i — (f - ) CpJ , (2 

TepMHMecKHfi K. n.;x. paaoMKuyxoro unKMa c perenepauHen 


^/,pa3 ^ 


— 1) I :( C,, _uc„)(l 


viiejibHaH paooxa 3 a uhkm 


— /vA. 




Ana.xna (JiopMya (2) — (4) noAXBep;iiLx 3cJ)(i)eKXHBHocxb npii- 
MeueHiiH ra30B3Becn (aspoaOcXii) b KanecxBe pa6oqero xe.xa Tbk 
nanpiiMep, npn BecoBoft KOHueHTpaunn u= 1, cxenenn noBbiuieHnH 
;^aB.xeHii5i (p = 8. Hana.XbHoii xexinepaxype unKXxa 3000° K xepMime- 
CKHu K.n ii. pereuepaxiiBHoro miK.xa Boapacxaex ua Beaimnny no- 
paa,Ka 4%, a y^e^ibHan paSoxa — ua 12%. 

B pea.xbuoM UHK.xe Bbinrpbiuj no vne.xbiioH paooxe Svuex 
iiecKo.xbKo 6o.xbuiH.M. AnajiornqHbie pesy.xbxaxbi xaioKe Obinii no- 
.xyqeiibi npn Hcc.xe.aoBaHHH saMKHvxoro UHK.xa [2]. 

Kan y/Ke 6bKxo oxAieneno, npiiMeneHiie pasoMKnyxoro miK.xa 
c UByx4)a3Hbixi paSonu.M xe.xoM bo3mo>kho .xiiuib b MrH-renepa- 
Topax, B paeoqnx Kana.xax Koxopbix oxcyxcxsyiox BpamaromnecH 
uexa.xn. OanaKO, Hy>KHo, Mxo6bi npn BB 02 i,e XBepj^on tbasbi 
xeMnepaxypa paSonero xe.xa ne cniuKa.xacb HH>Ke xeMnepa- 
Typbi, uocxaxoqnon jian xepMuqecKon noHiisaunii. BosMOKUoe 
cHiGHenne xeAinepaxyphi paSoqero xe*xa npn BBoae imepxHoro 
TBep.ii,oro Maxepna.xa b naMepy cropaniiH oSBucHnexcn neKoxopon 
Aono.xHnxe.xbHon aaxpaxon xen.xa uJin narpesa XBepjion (hasbi. 
lioBbicnxb xe.\inepax,ypHbin ypoBenb npouecca mo>kho npn noMo- 
mn perenepaxuBHoro no^aorpena paSonero xe.xa. npe.ncxaB.x5ieTcn 
Heooxo.a,HMbiM BbiHCHHXb B.XHnHiie KOHueHxpaunn XBep;iOH (basbi 
na naqa.xbnyK) xeMnepaxypy uiiK.xa. 

AlaKciiMa.xbHan reopexunecKan xeMnepaxypa raaa (T’saiax) 

B iiuea.xbHOM uuK.xe c npe;ie.xbHon perenepauiien (a=l) 6e3 vne- 
xa unccounaunn n .xpyriix snjioxepMnqecKHx stfxjieKXOB Mokex 
obixb nanuena na ypaBHeuiiH xen.xoBoro Sa.xanca.' FIo.xyqaeMoe 
npn 3XOM Bbipanxenne UAreex biij 
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Pe3y.abTaTbi pacRexa no (JiopMy.ie (5) tp = 8, a 1 , l n cr = 
— 1 (Ton^HBO— npnpoiiHLifi raa) npejicxaBneHu na piic.’ 2 (kph- 
Ban ■')• Hs piicvHKa bhaho, nro npn npeiieJibHOft perenepauMH 
H u _ (j TeopexHqecKH mojkot Sutl nojiynena T’^^iax = 6500° K. 






Phc. 2. K Bonpocy BnnHH!!H KonueHTpaunH TBep;a,OH cjjaabi 
na Te.MnepaTypbi xapaKxepHbix tohck miKMa: 


T oOosHaMeHnaM TeMneparyi 
;-reHepaTop; 3 — orHeBoii koto,- 
■hhk: 6 — B03ayxono;iorpeBaT« 
)ii BeHTH.iHTop; 9 — yxo3;s!nn: 


ripii KOHuenTpamin TBepaon cftasbi TeopeTimecKaa na- 

MaabHaB xeMnepaxypa uiiKna cHii>{-caeTc5j 7'3==5900° K. Ha 
piic. 2 npiiBe:ieHa Taioi'^e saBiiciiMocTb TeMnepaxvpbi b kohub npo- 
uecca pacmiipeHiiH (xeMnepaTypbi Boaay.xa nepeii KaMepofi cro- 
paniiH) oT KOHueHTpauiiii T^ = f(^i) (KpnBasi 2). Kan bii^ho 113 
piicxHKa. no.iyqeHiiH npeitenbHbix Haqa.ibHbix Texinepaxyp hb- 
o6xo:ihm BbicoKin'i percHepaTiiBHbin noaorpBB Boanvxa ro T.= 
= 3o00 — 4000° K. 


XOTB npn COBpCMBHHblX KOHCTpyKUHOHHblX MaTBpiia.ia.x VKa- 
saHHbiB TBMnepaxypbi noKa bujib HB/i,ocTii}«nMbi, npoBBaennhifi 
anajiHa noKasbiBaBx, qxo no yc.ioBUHM ropBHiin npn p>l Moryx 
6biTb nojiyHBHbi sHaqnxBJibHo 6o.ieB bbicokhe TeMnBpaxypbi, mbm 
npHHHMaBMbiB cefiMac. 

KpoMB paccMOxpBHHoro, 6bmn xaKncB npOBBACHbi ncc.nenoBa- 
HiiH no onpBjiBaBHnio K03(jD(J)nu,HBHTa naSbiTKa B03n,yxa a na Bbi- 
xone II3 KaMBpbi cropannH npn pBa.ibHon cTenBnn pBrBHBpamin 
0 = 0,75 H 73 = 3000 ° K- PacMBT npoBonn.iCH no BbiBenfinnon zt.in 
na,ea,ibHoro nuK^ia (JiopxiynB 


t = Q” ( c.,g^ [T's U — 0q 


-7i(l — o)q ' 


-ff 'I - 

PesynbTaxbi pacnBxa xaKTKB np6jicTaB.nBnbi na pnc. 2, a (Kpn- 
Ban 4 ). Kan biiaho h 3 pncynKa, AaTKB npn p=l K03c|)4>iinn6HT 
H36biTKa B03n.yxa a>l,5, t. b. cymBcxBBHHo npBBbimaBx mhhm- 
xia.ibHo iionycTHMyK) EBJinminy a=l,05. Hpn 3 tom xBMnepaxypa 
B03ayxa 3a pexBHepaxopoM (KpnBan 6 ) 76=1600 — 1700° K. Opn 
yMBHbuiBHini p. 0 3xa xBMnBpaxypa cHiiJKaBTcn ao 1300 — 
1400° K. KpiiBbiB 5 n 5 (pnc. 2, a ) xapaKXBpnsyiox cootbbtcxbbhho 
HaqajibHVfo XBMnBpaxypy UHK.xa n xEMncpaxypy raaoB b kohub 
pacuiHpBHiiH. 

TeMnepaxypy Tq motkho cymecxBBHUo cnnsuxb nyxBM yxiBUb- 
lUBHHH cxBnenn pBreHBpannn c cooxBBXcxByromiiM yMenbuiBHiieM 
a, OAHaKO npn 3Xom yMenbuiaBXCH k. n. ji, UHKjia. TBMnepaxypa 
noflorpBBa BOSAyxa 1500 — 1600° K Mo^ex 6bixb nojiynena b ps- 
xBHBpaxHBHbix XBnjioodMBHHbix annapaxax c HBnoaBHJKHoii nnn 
jtBH>KymBHCH naca^KOH — npoMB/JvyxoqubiM xBnjioHocnxBJiexi. 

OpHMBHBHHB ilByx4)a3HOrO paSo^BFO XB.ia ;iaBX B03M0nCH0CXb 
xaKa<e cnnsuxb MaKCHMajibnyio naqa.ibHyio XBMnspaxypy rasa 
npn coxpaHBHiin nocxaxoqnon xopMunecKon Honnaamin xbm- 
nBpaxypbi b kohub npouecca pacmupcHUH. 3to oO'bucHHBxcn npii- 
oJiHucenneM npouecca pacuinpennu k nsoxepMnqBCKOMy npu ysB- 
nnqBHHH KOHuenxpaunii xBepuoft (|)a3bi (1). 

npHiMBHeHiiB uByxcJiasHoro padoqero xB^aa napnuy c pacc.Mox- 

pBHHblMIi paHBB XBp.MOAHHaMIiqBCKHMH npBHMymBCXBaMlI HHXBH- 
CH4)HUHpyBX XaK>KB npOUCCCbl XBnJIOoSMBHa U CyUIBCXBeHHO co- 
KpamaBx xpe6yeMbie noBepxnocxn xBUJiooSMBHHbix annapaxoB, a 
B HBKOXopbrx Bapnanxax (pnc. 1) nosBOJinex saMBnnxb pBuyne- 
paXHBHble Xen.TOoSMBHHHKn 6o,ieE 34>4>eKTHBHbIMH pBXeHEpaXHB- 
HbiMii c UBiuKymuMCH npoMBTKyxoqHbiM xen.ioHocnxeneM. 
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OueHiiM npii6.iii>KeHHo iiSMeHeHiie noBepxHocTeii Ten.ioooAieHa 
npii Hcno.ibsoBaHHii AsyxtJiaaHbix pa6omix reji. OcHOBHbiMii reii- 
aooOMeHHbiMn annaparaMH ra30Typ6iiHHoft ycraHOBKit saMKHv- 
Toro UHK.ia (pile. 2, 6) HBaaioTCR pereHepaxop, xo.xojlH.xbHiiK 'ii 
orneBOM Korea. B pereneparope raKofi ycxaHOBKii npoifecc xemo- 
oS.Mena iiHxeHCHctiimHpyexcH c iieyx exopoH noBepxHocxii na- 
rpeaa. Ko3(t)(})HuHeHx xenaoo6MeHa ox aByxc|)a3Horo noxoKa k 
cxeHKe .Mo>Kex 6bixb sanucaH b Bnae «;,h (1 +cli). Torja 

npeneSperaji conpoxiiBaeBneM cxchkh h npHHH.Man KoacbAimii- 
eHxbi xenaoo6.MeHa c a.Byx exopoH cxeHKii oanHaKOBbi.Mii, K03(b(bn- 
uneHx xenaonepeaami b perenepaxope mo>kho onpeaeaiixb ns bbi- 

P 3 4i^0Hn H 


' 2 a.. 


1 -f c p. 


(7a) 


^ PIcnoabsysi aHaaoxHMHbie AOnymeHun, mo^ho (xaK>Ke npii- 
oaiiTKeHHo) aaniicaxb n Koa^jfjjHUHeHx xenaonepe^ami b xoao- 
jnabHHKe ii orneBOM Koxae * cooxBexcxBeHHo b Biije 


/^.XO.T ~ = ( 1 C [i) Otod . 

(76) 

h ^ “od “as 1 -p c p. 

^oa + ^'-aB 2 4 -Cu""^- 

(/B) 


H 3 (/ a— B) bmaho, qxo npii .U=l C = 0.25 noBepxHocxii perene- 
paxopa II .xoaoiniabHiiKa coKpaipaioxcB Ha 25%, a orneBoro kox- 
^la Ha 11 /o no cpaBHeHHro co caynaeM HcnoabsoBaHnn onno- 
(pasHoro paooqero xeaa. 

ripH npoxeKaHHH aeyxtJiaaHbix hoxokob nepea xenaoo6MeHHbie 
annapaxbi yBeaiinuBaioxcH yaejibHbie rHiipaBannecKHe conpoxiiB- 
.leHiiH Ha 1 M-- noBepxHocxH xenaoo6.MeHa ^p ^,- . O^inaKo npn 
3XOM oomero yBeaimeHiiH conpoxiiBaennii Moacex' ii ne 6bixb no- 
cKoabKy oObiMHo Ha o6mee conpoxuBaenne y.MeHbuieHHe cvm- 
-MapHoii noBepxHocx.? F oKaabmaer Soabmee ixiiHHiie ^e^^ vbp- 
aimeHne Apy;^. ^ 

OepcneKXHBHbiM nanpaBaeHHeM iicnoabsoBaHiin a;Byx*a3Hbix 
paSoHiix xea HBaHexcH paanoaKriiBHan raaoBSBecb, raaoBan eba- 
3a KoxopoH npir onpeaeaeHHbix ycaoBiinx MOiKex hbiitbch Hepas- 
HOBecHOH naasMOH. ripn 3xom coaj^aexcn BosMOJKHocxb CHusHXb 
Te.Mnepaxypy pafioqero xeaa ao peaabHo aocxH>KHMbix ynce b na- 
exoamee Bpe.xin SHaneHHH h 6oaee noano iicnoabsoBaTb xexinepa- 
xypHbiH noxenuHaa HenocpeacxBeHHo b MFiX-reHepaxope. 

^ KOTHB opH ncnoabsoBa HU II aByxtJjasHoro noxoKa aoiJKencvui- 

CTBCHHO irsMeHUTbCR .lyHHCTbiH Ten 3 oo 6 MeH, oinaKO B iiacTOBmee ^peM? 
HSMeHeniie aocTaroqHo aocroBepHo oueHHxb ne iipeacTaBaaeTCH B 03 NiOH<HbiM 

13d 


06o3 h aneH Hfl 

n — noKasaxeab iioaiixponbi; k — noxasaxeab aa,Ha 6 axbi; — 
xenaoe.MKOCTb XBepaoft tfiasbi; c — xenaoe.MKOCXb raaooSpasHOu 
4)a3H; p. — .MaccoBaa KOHueHTpamiH xBepaoft (|)a3bi; — k. n. a. 

HAeaabHoro HepereHepaxiiBHoro pasoMKHyxoro miKaa; — 

K.n.a- iiaeaabHoro pereHepaxiiBHOro pasowKHyxoro miKaa; — 
yaeabHaa paSoxa uiiKaa: 9 — cxenenb noBbiuieHiia aaBaenna; 
Ts — HanaabHaH xeMnepaxypa miKaa; Ti — xe.Mnepaxypa oxpy- 
acaiomero Bosayxa; = a — K034)$imneHT HsdbixKa bo3- 

ayxa npn cropaHHH xonaiiBa: a — cxenenb pereHepamin; gv — 
reopexiinecKH HeoOxoaiiMoe aaa ciKHraHHfl ea;HHimbi xonaiiBa 
KoaiiMecxBO B03.a,yxa; Q” — xenaoxBopnaa ciioco 6 riocxb xonansa; 
^od(AB) — K-o3(J)4>HiJ.HeHx xenaooo-MeHa ox oanoebasHoro noxoKa 
K cxeHKe (ox anyxebaBHoro noxoKa); ^pert-xo-T. o.k) — KOS^itbHuneH- 
xbi xenaonepeaaqn cooxBexcxBCHHO b perenepaxope, xoaoanab- 
HiiKe, orHCBOM Koxae; c — nocxoHHHbifi Koacbfb^it^ieHx. 
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■ JI. H. HOBH^EHOK 

PA3PABOTKA METOJl,OB OIlPEflEJIEHH^I 
TEnJIO<l>H3HHECKHX XAPAKTEPHCTHK 
TOHKHX H30JI5IUH0HHbIX CJIOEB H nOKPblTHU 

npiIMeHeHHH HOBbIX TOHKHX HO.lHMepHblX 
BcTaex Bonpoc iiccae;iOBaHiiH hx Ten.noBbix cboActb. 
flHaKo cymecTByiomFie xteTOiibi onpejie.ieHHH Ten^TotbusHnecKiix 
Marepiia^riOB, HeCMOTpH Ha hx .MHOroqHC.^eHHOCTb 
H pa3HOo6pa3He, hosbo.tihiot ncnbiTbiBarb Te.xa coaBUHTeihuo 
oo.ibiHHx pa3MepoB. Mto KacaercH tohkhx cmocb h noKpuTiJi to 
B HacTOHmee BpeMa HMeexcH oHeHb Ma.io pa6oT [1—6] no nccxe- 
AOBaHIlIO HX CBOHCTB. ^ 

npuMeneHiie a6co.iJOTHbix MeTo;ioB zinn onpeaeaenna xemo- 
-^apaKTepiicTHK tohkhx c.ioeB cBaaaHo c pn/toM Tpyji- 
TOHKoro naMepaTb TeMnepaxypy BHyxpii 

B cxauHonapnoM xen.ioBOM pe>KH.Me iisMepHexcH nenenaji 
To.iHJtHiie C.10H H onpezie.iHeTCH tc.^ibko oahh ko- 
aJjHHueHT xenTionpoBOAHocTH. a ocxaabubie K03(j3(|3imHeHTbi 
onpeiie.riHioTCH ;ipyrHMH Mexo^aMn. 3 to b 6o.ibuiHHCTBe c.TvnaeB 

co3;iaBaT'b no- 

Bbie 3 cxanoBKH, aaxpaHHBaTb mhoto BpeMemi ii cpe;iCTB. 

HacTOHipee Bpe.MH Hando.iee nepcneKxiiBHbiMH hbjijhotch 
" KBaaHcxamioHapHbie Mexo/tbi, nosBOJiniomHe 
Ha ocHOBe AHHHbix o/FHoro Henpo;io*i>KHTew7bHoro onbixa onpe/ie- 
pHa^a Tenjio(])H3HHecKHe xapaKTepiicxiiKii HccxieayeMoro Maxe- 

uo paspaooiaH Mexo;!. b ochobv- Koxoporo no.TioHceHa 

HecxapHOHapHaH nacTb pemeHiiji sajtami Ten.7onpoBOiiHocTH ji.ih 
; i:ByxcocTaBHoro cxepjKHH. ^ 

MareMaTHHecKaji nocxaHOBKa saAann 

PlMeexcH cMcxeMa xe.i, cocTOHman h 3 (^rpaHUHCHHoro n no^iv- 
orpaHHHeHHoro cxepjKHeH c paanbiMn Tenjio(])ii3HqecKHMH Koadb- 
^HHHeHxaMH c. y). B Haqa.nbHbiH momcht BpexieHH cBo6oAHbiH 
KOHen cxepjKHH mthobchho HarpeBaexcH ao xeMnepaxypu t ko- 
Topan rioAAepTKiiBaexcH nocxoHHHon Ha npoTH/Kenini ' Bcero npo- 


uecca HarpeBaHHH (rpaniiqHbie vcaobiih nepBoro po^a). BoKosbie 
noBepxHocTH cTepHvHeii iiMeioT xen.noByio hbojihuhio (puc. 1 ) ; 
pacnpeAejieHiie xeMnepaxypu HaxoAHxcH no A.mHe cxep>KHeH. 
Sa^aqa saniimexcH b bhac; 

0<x<R): (I) 

d - dx- 


x) ^ d-Ljx, t) 

(5 T " dx- 

ii(x, 0)=/o(A-, 0)=-0: (3) 
triR. x)^u(R, t); (4) 

, dti(x, t)| 

Ai = 

OX .v=ff 


(t > 0; /? < .V < oo): (2) 




/i(0, t) const; (6) ^ ^ j 

-) 0. (7) 

PemeHHH ypaBHenun (1) a r j ^ 

H (2) npH HaqajibHbix ii rpa- 

HHHHblX yc.nOBHHX (3) (7) Pile. 1. CiiCTeMa .iBvx tea — orpami- 
AaHbl B pa60Te [8] H lIMeiOT Heimbiii Ii no.iyorpainmeHnbiii cxepiKnH 


- // V [erfe - erfc 

^ L 2VaiT 2V'aiT_ 


1 -- K-. 


X— R (2/z — 


y a.2 T 
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Bbipa>KeHne (8) npe^icxaB.iHeT coooii pacnpe^e.xeaiie Te.Mne- 
® orpaHHMeHHOM cTep>KHe. Ecan pacc^[aTpHBaTb stot 
cTepaceHb KaK iiccaeiiyeMoe noKpbiTue xoamuHoii ^ = 02 — 1 ifi/ 
xo xoMHoe 3Kcnepn.MeHxaabnoe onpejxeaeHiie xeMnepaxypbi b hcm’ 
HBaaexcH caoH-CHOii sa^aMei'i, xaiv KaK cymecxsyioimie aaxmiKii 
xe.Mnepaxypbi xpy;iHo sa^eKaHnxb b xaKOM xohkom c!xoe ^ 

lloaxoMy npoaHa.xHsiipyeM xoabKo pemeHiie (9). Koxoooe 
RSircxepLH^°" Pa<-'npene.xeHHe xe.Mnepaxypbi b noayorpann- 

nycxb Hama cncxeMa cocxoiix ns iiso.xamioHHbi.x .MaxepnaioB- 
= 0 co6oii mxacxHHKy xoamn- 

^ KoscjjcfiiimieHxo.M TemxonpoBo;iHocxii /.,= 
-U.do er/M . C H K034)(|)imHeHX0M xeMnepaxyponpoBOAHocxii 
«i-4.iu - M-/ceK, a noayorpaHimeHHbiii cxep>KeHb BosbMe.M in 
noaiiMexmxMexaKpmxaxa c A 2 = 0,184 er/.u • °C h 
' lin ^PyrvK) napy MaxepiiaaoB, ho n^odbiA:.- = 

U,8 . 0.99. B ocxa.ibHbi.\ cayqan.x Heo6.xo;iHMo ymixbiBaxb 6oxb- 
mee KoiimecxBO M.xeHOB pn^ia (9) npii BbiBojie pacnexHbix d)op- 
HOP- ■ -0.9/, /t = 0.0It)2; BpeMH BOBbMe.M MaKCHMa.Xb- 

^OOOO^M ^ MiiHUMaabHyio, npimeM x = R = 

exc^^** ^Pyrn.x sHaMeHiinx x n x cxo.aHMocxb p5i;ia (9) ycminBa- 

SaniimeM ypaBHeHne (9) b pasBepHyxoM Bime n BbiqiicaH.\f 
Mexbipe Helena paiia: 


-f //- erfc — erfc — \ = 

2 y/ZiT 2 Yaix I 

= 0,985 (erfc 0,0204 4- 0,0152 erfc 0,0612 + 0,000232 erfc 0,102 + 
0,00000332 erfc 0,143 -f . . .) = 0,95 -lo,0139 + 

+ 0,000202 -i- 0,00000291 -f . . . 

TaKii.M oSpaaoM, oueHKa MaeHOB pn^na noKasbiBaex, nxo nxn 
pacqexoB M07KHO no.xbsoBaxbcH c norpemnocxbK) b 1% nepBsiM 
q.xeHOM pH;ia. B cbhsh c 3xhm pemenne (9) nepeniimeM b Bujie 


2 j/^aoT 


BapuaHT 1. Onpede.ieHue Tenjio(pu3UHecKux xapaKiepucTUK 
ocyii^ecTBAHeTcsi no deyM TeMtiepaTypHO-epeMeHHbiM roHKQM. 
riycxb B xoMKe x = R b .momchx Bpe.MeHH t' oxHocHxe.xbHaH xeM- 
nepaxvpa 6viiex 

Takan ace xe.Mnepaxypa b xomkc -v > R aocxiiraeTca sa 
Bpe.MH t", xor;i,a 


ft, « = erfc 

14-^s ' 2 1 /o.,t" 

npHpaBHHBaH (11) K (12), no,iiyqaeM 


TaK KaK 4)yHKmm erfc A" OTiHosHaqHaH, xo mo/Kho sanncaTb 


R 

2 j/ ai T 


2 Va.T" 


npii BbiBOAe pacMexHbix (|)opMy,x paccMoxpiiM asa BapiiaHxa. 


Hb ypaBHeHHH (14) noTij^qaeM BbipaHvCHHe .aaa K034)cj)iimieHTa 
Te.MnepaxyponpoBo^iHocTH 

= (15) 

BbipajKeHHe KOsciicJiHmieHTa TenjionpoBO.aHOCTn noTiy- 

qaexcH npii noMomu no.acTaHOBK!i (15) b (11): 

= ^ (16) 

— erfc— — 7 ^— 1 ) 

V d 2 i^a.2 A V-z ) 
r^e _ ^ 

0 = X — R; A V ■ = VV' — y x'. 

BapuaHT 2. Onpede.iemie TenAocpusunecKiix xapaKTepucruK 
ocymecTBAHeTcsi no odnoti TeMneparypHO-epeMenHou ronKe. 
AHajiHs BfaipaHceHHH (11) noKaabisaex, qxo mojkho nojiymixb A-xJf 
/.I II ai 6ojiee npocxbie Bbipa»:eHHH. 

HeftcTBiixejibHo, nycxb b KaKofi-xo MOMenx BpeMenii x' oxho- 
cHTejibHan xcMnepaxypa b tomkc x = R gyaex a bo BpeMeHH 
t" 6yjiex 0". 
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Bo3b.MeM oTHomeH.ie reMneparyp. o6o3Ham,B Mepea 

» 2 , a. t' • 

3 = ( - JL ) ^ erfc (a-i J ^) 

\ 'O'' / .v=^ erfc k ^ ^ 

a ~ 

ml — "P-o-hocth nvre. no.cT.HOBKH 

> - 

2Aky7’ ^^9) 

r;ie ^ 

^ = f erfc/.--I, 

=”HiE!=?5™”==: 

ip," KT.;'.=T ™™r sri-s;; =: 

o6™;,hmoctb b rpa;,y„poB'Ix rep^nap ''’ 

^B4,,rrerMe;oaarrKT„‘^;er[9f?^^^^^^^ 

piiMeHTa.ibHOM o(|)opM.7eHHH. ^ npocTbt B BKcne- 

IlorpeuiMocTb Mexo^a 

=ai=P=ss 

<,a?<™“por„a^ro= ntoS,a%r^p^,=" 


OSbiMHo oueHiiBaiOT TeopexiiqecKyK) h iiHCTpyMeHTa.ibHVK) 
norpeiuHocTH. TeopexiiqecKaH norpemnocTb coctoiit 113 BceBoa- 
MO»CHbix AonymeHHii, npiiHBTbix npii BbiBOAe pacneTHbix cJ)opMy.n. 

Ha.Mii 6bLio criejiaHo Oii.Ho jionymeHiie: paccMarpHsajicq 
TOJibKo nepBbiii qjieH pujia (9). SaxeM 6bKiia BbiqHc.ieHa norpem- 
HOCTb npH 3TOM ilony u],eHHH, KOTopaa npHMepHo cocxaBJiBex 1%. 

HHCTpyMeHTajibHaq MaKCHMajibHan norpeumocTb b HSMepeHiin 
renjio- ri TeMnepaxyponpoBOziHocTii hsojibuhohhbix cjioeB ii no- 
KpbixHH npn xojiiuHHe 0,2 mm paBHa 10—12%, npii ocxa,3bHbix 
xOcimnnax — 8%. 

MexoAHKa HSMepenHH h sKcnepHMeHxajibHaa yexanoBKa 

HCc,qe;i,OBaHiiH xohkoxo c,iofl luiii noKpbixHq oqeHb saneHo 
iiMexb oesbiHepuHOHHbiH HCxoqHHK nocxoHHHOft xeMnepaxypbi, 
MKKpoxepMonapbi hjih njienoq- 1^ 

Hbie xepMOMexpbi conpoxHBJieHHJi 

iiJiH HSMepeHHH xeMnepaxyp sny- ^ : 

xpH cHcxeMbi, H/iea.ibHbifi xenjio- ^ \ 

Boii KOHxaKx Ha cxbiKe o6onx I ^ : 

cxep>KHeH. 3 xh xpe6oBaHH5i bh- I ^ ■ 

xeKarox 113 yc,noBHH sajiaqii, pe- ^ 

meHiie Koxopoft nojiOH<eHO b 1/ ^ m /5 

ocHOBv Mexojia. TenjioBaq n3o- 

namiH 6oKOBon noBepxHocxH mo- 

>Kex oxcyxcxBOBaxb, ec,iH 6 oko- 

Bbie yxeqKH xen,ia He Synyx . 

HCKa/Kaxb pacnpejie^TeHiie xeMne- ^ 

paxypbi no ocn cxepH<HeH. Hen- 
CXBHXeObHO, npH HJieaTIbHOH 60- 
KOBOfl HBOJIHUHH H30XepMliqe- 
CKne noBepxHOcxH b. cHcxeMe 

oyjiyx napa.inenbHbi xopuoBon r ^ 

noBepxHocxH, na Koxopofi aeii- f f ^ ic ^ t 

CXByeX HCXOqHHK nOCXOHHHOfl 
xeMnepaxypbi. Hpn Sokobmx 

yxeqKax xen,xa HsoxepMHqecKiie , ^ 

noBepxHocxH ncnpaBJJHioxcH, xaK 

KaK xexinepaxypa y Kpan cxep>K- 

HH oyjiex MeHbifie, qcM no ocn. I^c 

Opn xiaabix sHaneHunx Kpnxepnn t 

Bno (Bi=4 — 10) (b cnoKOHHO.M ' 

B03rtyxe npn KO.MHaXHOft XCMne- Pnc. 2. TeMnepaTvpnoe nojie 06- 
paxype) sxo yMenbinenne xexine- paaua b noockoern x^k 

paxypbi 6y.nex HesHaqnxe^ibHfaiM n b ueHxpajibHon qacxn ciicxeMbi 
naoxep.MnqecKiie noBepxHocxn ne Oyjiyx ncKa»:axbC5i n ocxaioxcn 
napa.ioe,3bHbiM]i. Ha pnc. 2 noKasano ncc,iej.oBaH!ie xe.Mnepaxyp- 


Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


Horo no»iyj cncTe.Mbi b nviocKorrn v o r\ 

anaMerpe ciepxHa Z) = 30 jui no o'ci7b "P" 

fcioaaeTca raKa,, *0 TeMnepa?ypa ' „ mm „a- 

Jiso.iBmiH. V yro U npir Ha.iifmn, SoKOBofi 

npuMeHHaacb.^ ^^hccko i^bro hso.ihuub oSpaauoB He 

o<}.opM.ieH„e. »«Ko.,aKo oftier^aer ancnepuM^HT^bHoe 

"OAroToaKa oSpaapa k HccaeaosaHHK, 



repMonap Tcf= S= 20 """'P"' 

HrcOTalaTiBanircr"^^^^^^^ [9] k [10], 3aTe^^ 

coToii 25 3 t„ pasAiepbi bshtm 30 k Bbi- 

BHK) sa^tami, BTopofi creDHceRK no c.^y^alIHo. Cor.iacHo yc.io- 

H---. T. e. TaKnM,U6brT^ernepa?^^^^^^ no.yorpaHLeH- 

ue cTep>KHH He iisMeHH.iacb aa^BDe^^a ”f^"P°’'”®ono.io>KHOM koh- 
UeHcTBiire.ibHo ecnu 3KcnepHMeHTa. 

TO 3a BpeMa sKcneViLMeiira So b !0''C, 

TeMnepaTvpa av^er HSMeHJTTKra ^ paccTOHnirir x = 25 mm 

rpajyca. 3 to Ha.MeneHHeTeynepaTvpS'^T ao:,^. 

H MOTHHO CqilTaTb CTepTKeHb HO IVOFifp Lfa BeSHaHHTejIbHbl.M 

4HKa xeMnepaTvpbi npiiMeuHTHCb ® ^'B'^ecTBe Ttax- 

cxaHTaiiOBbie xepiHonapbr c Me;Xb-KOH- 

Ohii M3roXaB.lHBanHCb na rnPm, P°"* ^-^^eKTpo^OB B 30—50 ^fA- 

npHOopnosBo.iHeTCBapHLxrreDMon^^^^^^ ^P”^' ^^^x 

noMoipii KOH^eHcaropHoro paapHiia Tni p ^ npoBo.noKu bcthk npir 
BaexcH Ha ToppoBoft noBepxXx^ aaneKaHu- 

^naAiexpy. Haji nefi npHK°e™Ba?xc7 oOpaana no 

thick na roro >Ke Marepiia.ia ToirnnHoiV 

«a ceo«oaHon nose.Jocrn a”"™ 


ivia^Kii nepBOH xep.Monapbi HeoonbuiaH KaHasKa (rjivoHHon 
— 2UAfK), KOxopaHnpoxpaB.iHBaexcH:prx.iop9TaHOM. SareM Harn- 
niBaexcH apyran xepMonapa no KanaBKe. Csepw naK.iazibiBaeTCH 
nonupoBaHHan ^.^ocKo^apa.^ne.^bHa5^ MexanniinecKaH nnacxHHKa 
cncxe.Ma aavKHMaexcn b xiicKax ;io nonnoro BbicbixaHnn 
TepMonap npnKneiiBa.ancb c npoxHBononoTKHoii cto- 
poHbi oopaaua. HyBoxBurejib- 
Hbie a.ieMeHTbi xepxionap pac- f j 

nonaraioTCH no ocn oOpaaua ~ 

(pnc. 4). ' / 

riocae 3Toro na noBepx- 

Hocxb xaKoro unnuHiipa Hano- J — S, A 

CIITCH paBHOMepHblH C.lOfl HC- ^ 

caejiyeMoro noKpbixiiH, . xo.n- ^ / 

mnna Koxoporo iiaMepnexcH ^ 

npn noMomn MiiKpoxiexpa c *i — -i 

XOMHOCXbK) 0,5 MK. TaKIIAf o6- » - 

paaoM, npuroxoBneHHbin o6- I^cc.ieayeMbiii oopaaep; 

paaen noMemaexcH b jxepjKa- ' ~ 
xe.Tb. BbiBOiibi xepxionap npii- 

coeaiiHHioxcH K 3jieKxpoHnoxiv ca.MoniicHv 3nn-00 c nDeueaaxrif 

CvmHocSier " ®P®''®'«'' npo6era' KapeTKii 2.5 Ak. 
CymHOcxb Mexo,aa aaiviioqaexcH b c\ie.ziyiomeM B KaKon-xo 

paana'^HaqliHaex^TpftP''''^'^” CBo6oflLii noBepxHocxii o6- 

Pbi r KoTODa J aa s ™t“n® r"” nocTosHHoil reMnepaTV- 

Pbi Koxopan Ha 8—10 C Bbime Haqa,xbHon xeMneDaxvnw n'r 

LxeMbi to H nonjiepHvHBaexcH 40 Konpa 3KcnepHMeHxa Ca^Monii 
•^eu aanncbiBaex pocx xeMnepaxypbi co BpexieHe^M b xoHKax x n /? 
Sa P®"'"P“Py>=T nocTOHHCTBo TeMnepaTypt, /™ .,3Me- 

peHua KOTopon npr.MeHHeTca aH(l)$epeHm,a.,i.Haa repMonapa 3- 
.OTo^neHHaa "3 raKoft *e npoBcaoK,,. Saan xcMne^^a^p" ^b Vom- 

4.OPMV.7 05) ■ m nsTTnqT""''"” H3 pacaeTHbix 

llpiiMenneMbie xanuM o6paaoM BapnaHxbi 1 h 2 noaRo-iQ..7T 

xapaK^SSr';,?'’^'' °"PWaeHnn Ten.7o(|)H3i.BecK.ix 

xapaKxepncxiiK iiecne/tyexioro xiaxepnajia DeavnbTaxKT 

B^pnaH-^raH*^^'''' ® npejie,xax BbiniicHkHon norpeuiHocxin 
-leHnn^^L ofina.nr™*’*''' ® sKcnepiiMeHxaabHOM o4)opM- 

Tpv n/ oopaaue iicnojibayexcn oana xepxionapa) n npn pac4e- 

Hcno?b3vexcfTJg'^^?°‘^"^ " HaxoH^i^eHHH Be^xHnnHbi ;fe. ^ 3xoro 
paleHHn n7i n^' ’ aHa.inxnqecKii paccmixana ns bbi- 

paaveHHH (1/). OnbixHbie aaHHbie nosBonHKix onpejienijTb Bein- 

qilHX ^ ~ npn KaKOM-XO (|)liKCHpOBaHHOM X = Jj3 

xao.i. 1 jaHHbix SHaneHun a h p HaxojjHTCH k. ^ 
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OnpeAejieHHe bcahhuhij k 


flpodo.tyceHue ma6.iunbi t 


0,34 

0.63064 

1,1016 

1,1671 

0.35 

0,62062 

1 ,1056 

1,1703 

0,36 

0.61067 

1,1097 

1,1771 

0,37 

0.60080 

1,11403 

1,1839 

0,38 

0.59099 

1,11827 

1.1911 

0,39 

0,58126 

1,1226 

1,1983 

0,40 

0.57161 

1,1271 

1 ,2055 

0,41 

0,56203 

1,13155 

1,2130 

0.42 

0.55253 

1.1366 

1 ,2207 

0,43 

0,5431 1 

1,1409 

1 ,2284 

0.44 

0,53378 

1 , 1 4 o 5 

1 .2362 

0,45 

0,52452 

1,1503 

1,2444 

0,46 

0,51 o 35 

1 , 1 553 

1 ,2525 

0,47 

0,50626 

1,1602 

1,2608 

0,48 

0,49725 

1,1654 

1,2693 

0,49 

0,48838 

1,1 70 o 

1,2781 

0,50 

0.47950 

1 ,1 757 

1.2868 


3 1,0042 

8 1,0085 

3 1,0129 

1 1,01735 

45 1,0219 

2 1,0267 

3 1,0314 

3 1,0363 

3 1,0413 

15 1 ,0464 

1 1,0516 

1 1 ,05695 

' 1 ,0624 

1,0679 
'5 1 ,0736 

1,0794 
1.0854 
5 1,0914 

1,0975 
1,1038 
1,1110 
1,1168 
1,1235 
3 1,13035 

1,1374 
1,1444 
1,15165 
1,1591 
1,1667 
1,1744 
1,1822 
i 1.1902 
1,1985 
1,2067 
1,21,52 
1,2239 
1,23285 : 

1.2419 
1,2510 
1,2605 
1,2701 
1 .2798 
1 ,28975 
1 ,29995 
1.3104 1 

1,3209 1 

1,3316 1 

1,3427 1 

1,3539 1, 

1 ,3654 1 , 


1,0847 

1,0934 

1,1004 1 

1,09145 

1,1008 

1,1083 i 

1,0983 

1,1083 

1,1164 1 

1,10525 

1,1160 

1,1247 i 

1,11235 

1,1234 

1,1332 j 

1,1196 

1,1319 

1,1418 ! 

1,1271 

1,1401 

1,1506 1 

1,1346 

1,1488 

1,1597 j 

1,14235 

1,157! 

1,1689 i 

1.1502 

1,1658 

1,1783 i 

1,1584 

1.1748 

1,1879 1 

1,1666 

1,1838 

1,1978 

1.17495 

1,1932 

1 ,2078 ' 

1,1835 

1,2027 

1,2180 1 

1,1924 

1,21206 

1 ,2285 1 

1,2013 

1,2223 

1,2393 i 

1,2112 

1,2324 

i :2500 1 

1.2197 

1,2428 

1,2612 i 

1,2293 

1,2533 

1,2726 j 

1 .2389 

1.2641 

1,2844 1 

1 ,2488 

1,2750 

1,2963 ! 

1 ,2589 

1,2864 

1,3085 I 

1,2693 

1,2978 

1,22091 i 

1,2798 

1,3096 

1,3336 j 


1,6638 

1,7410 

1,8040 i 

1,6825 

1.8622 

1.8274 ' 

1,7019 

1,7839 

1.8509 j 

1,7213 

1,8062 

1.8757 1 

1,7412 

1,8288 

1,9006 ! 

1,7616 

1,8522 

1,9262 ! 

1,7826 

1,8757 

1,9523 1 

1,8038 

1,9001 

1,9790 ; 

1,8285 

1,9247 

2,0064 

1,8478 

1,9502 

2,0344 

1,8705 

1,9761 

2,0629 

1,8937 

2,0030 

2,0923 

1,9173 

2,0298 

2,1222 

1,9417 

2,0574 

i’liig 

1,9663 

2,0859 

2,1842 

1,9915 

2,1146 

2.2164 

2,0172 

2,1444 

2,2492 

2,0439 

2,1746 

2,2829 

2,0707 

2,2057 

2,3215 

2,0982 

2.2372 

2,3526 

2,1263 

2,2699 

2,3887 

2,1553 

2,3033 

2,4257 

2,1847 

2,3371 

2,4635 

2,2147 

2,3720 

2,5022 

2,2452 

2,4073 

2,5421 

2,2770 

2,4341 

2,5827 

2,3090 

2,4810 

2,6243 

2,3418 

2,5194 

2,6670 

2,37545 

2,5581 

2,7106 

2,4100 

2,5984 

2,7555 

2,4450 

2,6786 

2,8013 

2.4808 

2,6811 

2,8483 

2,52.38 

2,7243 

2,8965 

2,5555 

2,7679 

2,9458 

2.5938 

2,8130 

2,9965 

2.6330 

2,8475 

2,0483 
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• •- CKoro ycTpoHCTBa (puc. 5) r 

1 IISBOaBTCH OTMeTKH BpeMeHH 
nocpeiicTBeHHo na KpiiBoii aa 
CH TeMnepaxypH (puc. 6). 

B HccjieiiOBaHHBx iicno.Tb 
sa.iacb ycraHOBKa, onncaHHa 
pa Sore [7J, r/ie b KawecTBe 
TORHHKa nocTOHHHon xeMnepa 
pw npHMeH5i.nacb xepMocxaxui 
BaHHaa JiBUTKymayicH jkhukoc 
laK KaK Hcc.aeAyeMoe noKpbn 
oobm 

du 60 ceK. Onpejie.TeHHe xenj 
(piiaimecKHx xapaKxepncxnK xc 
...... KlIX C.^OeB np0H3B0;iHXCH aHaj 

Piic. 5. npHHunniia.ibiian s.ieKTpii- OopasOM. HocKO-r 

MecKasi cxeMa noaami nMnv.ibcoB xoxoBbie, npOLtecc nr 

BpeMeiiii Ha bxoji noTenunoMeTpa TOBKH Ogpasua k licOblT' 

B BapHaHTe 2 np„ pacaerax HCT 6 xoa 1 ; 1 I’n° 5 '"P°“aeTCH. ‘ 
aKTHBHocTB noavorpaHHHeHHOro CTep>K™!'‘'T™e.'’BLr 

* y-. a BBi^Hc^eHHB K 03 (|,<),„u„e„Ta TeMneparvpc 





I 


H“ro"BTcreyBarat“i:;r“ COBC- 

Tpe6.;iaeMbie b HaH6o7iee yi 

{cm, TaS.i. 2). -^aKOKpacoqHwe Marepna 

146 


T a 6 .1 im a 2 

TenJioiliHSHHecKHe xapaKTepHcxMKH HCKoropbix 
n,ieHKOo6pa3yiOiitHx aemecTB 


— 

Bcmecrna 

em /m-°C 

a.l0», M-/ceK 

BnoKCHAHaa CMOJia 3-41 

0,138 

0,61 

nepx.iopBHHH-iOBaH cMOJia CnC 

0,111 

0,43 

KpeMHHHopraHHMecKHii Jian K-55 

0,128 

0,63 

AKpHjiOBafl CMOJia AC 

0,168 

0,87 

neHTacJrrajiHeBbiH Jian 170 

0,114 

0.55 


Ha xen^oBbie cBoiicxBa n.ieHKooSpaayiomHx BemecxB cii.ibHO 
B,nHHiox pa3,iHMHbie nurMeHXbi. npiiMeHsieMbie npu naroxoBTieHHU 
3Ma,nen. Ha ocHOBe aKpujioBon cMO,ibi AC 6bijiH npiiroxoBJieHbi 
pacxBopbi c pas.nuMHbiMH nurMeHxaMU npn oahom h xom >Ke o6'b- 
eMHOM cooTHOiueHHM (xa6,n. 3). 

T a 6 Ji H n a 3 


Tenjio(}iH 3 HMecKHe xapaKxepHCTHKH jiaKOKpacoMHbix noKpbiXHH 
Ha OCHOBC aKpHaOBOH CMOaU AC C pasaHHHWMH nHrMCHTaMH 


nHrMOHTbl 

TojiiUHHa no- 
KpiiITUfl. MM 

CooTHouieiiiie 
cMo.’ia AC: inirMCHT 

TenJio(1)H3HMecKHe KogjtMliniui- 
CHTbl nOKpWTIIJl 

odieMHOe 

necoBoe 


o.lO’, M-,’ceK 

ZnO 

0.369 

1 ;0.2 

1 : 1 

0,250 

2,2 

TiOo 

0,336 

1 ;0.2 

1 !0,76 

0,240 

6,2 

AI.26..J 

0,471 

1 ;0,2 

1 : 0,69 

0,302 

1 ,75 

Cr.i0.j 

0,646 

1 :0.2 

0:0,84 

0.250 

1 .65 


RbiMHcxnenHbie aHaqeHiiH xen.no- h xeMnepaxyponpoBOAHOcxii 
iio.iyqeHbi na pacMexHbix 4>opMy.n (18) ii (19) n oxhocbxch k kom- 
naxHoil xeMnepaxype. 

TaKUM o6pa30M, pa3pa6oxaHo jiBa HecxauHOHapHbix mcxoab. 
iio3BOJiHiomiix onHOBpeMeHHo H3 OAHoxo onfaiTH 6bicxpo onpejic- 
jinxb K03(f)(i)HUHeHXbi xenjio- h xeMnepaxyponpOBOAHOcxn xohkhx 
n30JlHU,lIOHHblX CJTOeB H nOKpblXllfl H KOHXpOJIHpOBaXb APyC APyCB. 

3KcnepHMeHxajibHoe o(|)opMJieHiie sxhx mcxoaob ne npeACxaB- 
jinex oco6bix xpyAHOcxeft. HoaxoMy ocymecxBHXb xaKyio MexoAH- 
Ky iisMepeHHA mohcho b aio6oh .naSopaxopun, sanuMaiomeHCA 
xenAOBbiMii ii 3 MepeHiiflMH. BaHtHoft ocoSeHHocxbio paspafioxaH- 
HblX MeXOAOB HBAHeXCa XO, qXO Hex Heo6xOAHMOCXH xpaAyHpoBaxfa 
xepMonapbi, xaK KaK b pacnexu bxoahx oxHocHxeAbHan xeMnepa- 
xypa. flocxaxoHHo npuMeHflXb xepMonapbi h 3 OAHHaKOBbix npo- 
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BOJIOK. 3 to 3 Ha^HTe.^bHo oo.ierqaer Bbimic.ieHne hcthhhhx 3 Hn- 
qeHriii H3MepBeMbix BejiimHH. 

npoBe/^eHHbie sKcnepiiMeHTbi noKaabiBaror, mto BbimicjieHHbie 
pe 3 yjibTaTbi njieHKooSpasytomHx BemecTB ii tohkhx ho.ih- 
MepHblX C.lOeB BBJIHIOTCH BOCnpOHSBOAUMblMIl H OT.IliqaiOTCH MeJK- 
iiy co-6oii B npejiejiax HHcrpyMeHTa.ibHon norpeiUHocTii. 


OSosHaqeHHfl 

Ai, fli — Ten„io- II TeMnepaxyponpoBOAHocTb iiccMeziveMoro via- 
repHa^na; a 2, ^2 — Ten.no- h TeMneparyponpOBOAHOCTb’ sTa.noHiio- 
MaTepiia.na; # — OTHociiTe.nbHan reMneparypa; t — Bpe.MH; 
TO.nutHna Hcc.neayeMoro MarepHa-na. 
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r. A. 0ATEEB 

TEMHEPATyPHOE IIOJIE CJ105I lUHXTbl 
nPM CnEKAHHH AEJIOMEPATA 

TeMnepaxypnoe nojie b c.noe lUHxxbi HBJiHexcH BaH<.HbiM noKa- 
aaxejieM npoitocca arjioMepauHH. IlosTOMy naxo^ACHH^ saBncH- 
MOCTH ero ox napaMexpoB, Koxopbie moacho onpeAeJiHXb hjih 3a- 
flaxb npn BeAeniiH npouecca, noMOJKex pemuxb pna npanximecKiix 
saAa^j cxoamHx nepeA nponsBOACxBOM axAOMepaxa. 

CneunaAbHbiM HCCAeAOBaHHeM [ 1 ] ycxaHOBAeno, qxo xeMnepa- 
xypHbie npoi^HAH b caoc peaAbHoS arAOMepaii.HOHHOn lUHxxbi u b 
cAoe uiHxxbi H3 HHepxHoxo MaxepHaAa noAoSHbi, a cKopocxii nepe- 
MemeHHH 30Hbi CAOH, B KOTopoH npoHcxoAHx xopeHiie XOnAHBa, 
nOA9HH5IK)XCH' o6lHeH 3 aKOHOMepHOCXH He3aBHCHMO OT BIIAa M3' 
xepHaAa uiHXXbi. riosxoMy ueAecooSpasHO BnanaAe Aaxb ynpo- 
meHHoe aHaAHXimecKoe onHcaHiie xenAooSMeHa b cAoe miixxbi iia 
iinepxHoro MaxepHaAa, Koxopuft b peayAbxaxe xenAOBoro bosa^'b- 
CXBHH He MCHHeX CBOHX CBOHCXB, a xenAOBblAeACHHe B CAOe xa- 
Koro MaxepHaAa cboahxch k xenAOxe ropeHUH xonAHBa uihxxh. 

Kax ii 3 BecxHo, xenAOoSMeH b cAoe uihxxh xapaKxepHayexca 
coBepmeHHbiM xenAOBUM KOHxaxxoM MeJXAy qacximaMii miixxbi 11 
ra 30 M, (JiHAbxpyeMHM qepea caoh. EcAh npii axoM pasHima MejK- 
Ay xpaAiieHxaMH cpeAHHx xeMnepaxyp b cAoe MaxepHaAa 11 b 
(J niAbxpyeMOM raae Ha Kaa^AOM ropusoHxe caoh HeanaqiixeAbHa, 
xo AH^iiepeHmiaAbHoe ypaBHenne nepenoca xenAa b CAoe uinxxbi 
oyAcx HMexb bha 


Momnocxb BHyxpeHMero iicxonHUKa xenAa b ypaBHeHiiu ( 1 ) 
moh<ho Bbipa3HXb uepes aaKOH ropeHHH qacxiiu, xonAiiBa, yqiixbi- 
Ban, qxo oh coxpaHnex cboio cimy na Bceii Bbicoxe caoh uinxxbi, 
33 HCKAHDqeHiieM y3KHx no Bbicoxe 3^qacxKOB caoh, npiiAeraiomHx 
K noBepxHOCXH luiixxbi ii k koaochhkoboh pemexxe [ 1 ]: 

Wifi' — "^o); '^>‘^0 
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pesyjibTare ropeHHn Bcex wacTHn nauLr speMCHu t b 

MeHTa iix Bocn.iaMeHeHiia tq Ten,-fo nnu cmoh c mo- 

•i«x OT noanoii Te^.^oTw ropenHH «3MepjieTCH b 40 - 

npe/tno.iojKiiTb mto Ten TonjiHBa sroro 

U tona.ibHo BbiropaiomeH Macce Tomnn^ nponop- 

■™-o 3„a.e„„e J) 

-CTHU B._Bpe„e„„.. o.eB,«„„,J „„ 

«ex KacTHu Ton.Hsa ^aH„o- 

M0Mefr"B0?„"Lrera“Tara"" noBepxHocr,, cob a,„x™ 
Mepea x/v, tbk KaK"cKOpo?TB^epSe"' T 

ercH TO oScTOHTejibcTBo itTo B npoqecca hbjib- 

ropilT TO.TbKO B V3KOH no Bbrnrv^A MOMCHT BpeMeHlI TomHBO 

4H(J)(j5epeHmia.TbHoro ypaBHeHn^r^rL^f^^''' liJHXTbr f2J. Peuienne 

np" raifOM npeanoBo>KeHi]ii abma>KPHHo ™-''‘Uhhoii arofi aonu. 
'KroBHUKa Ten.,a npHnioMaer KOHKpCTLrBM,"" 




( 3 ) 

BocnaaMeHeHHe Tomima 

HbmKpaTKoBpe„eHHb,M‘„JaBo“oM TenST"“’'"’'"’’ ™TeHCHB. 

B peay.ibTaTe nporpeBaeTcn to^kL t noBepxHocTit muxTbi. 

'lOH, BOCnpuHHMaiOmaH BblCOKVFO nOBepXHOCTHan qaCTb 

ro, npe^no.TojKHTb, wro Ten^^ no J ^poMe to 

nojiHocTbK) pacxo/iyeTCH na ’ k noBepxHocTii cvion 

mero B cioiXt. e OTclreTRtJ^. Boaayxa bx^’ 

^'Pe;iy, to rpaHunnoe yObioB^ ^ OKpyjKaiomyio 

HO BbipasHTb TaK: noBepxHocTii cmoh miixTbi 

^^(0,;0 

dx j^rl^iO, b) 4] -t-Qo(T). 

oSMena na noBepxHocTH^^Jia HOHBeKTiiBHoro Tenjio- 

ywecTb TenjioBbie noTPDir a ’ npe^lcTaB.ineTcn bosmojkhhm 
KOHB eKunn BBe^^enZ "^LiecToT^^'Z^" -HXTbfTa™^ 

npiincM a > /c^. HeKoToporo K03(|)c|)nn„eHTa 
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^(oo,t) = /,. 

iiyioTucMy: fJjopMy.inpoDKa saiiami cbo^htch k c,ie- 

^ di / v \ 

V(.f, 0)=/„ 

dt ( 0 . t) n 

, 


/(oo,T) = f^; a- 


P^M 


/‘^r 

PCu 


t<s -- 


//=^ . 


PemeHiie aaiiam. noBVMeHo onepamioHHUM MeroaoM h iiMeer 

( £■(-_ -:^) 

. M ~u)r\ 

— (t>-n)Tllj L a « I . / .V 

<> l\ ‘'^'^(2-;^.- 


2(u~ u) 

(V — u H- aH )exp|^-^ A- 4— (y - «) - j 


2 V — u / ~ ^ 

-^v V y- 

X erfc ( / V\ 

U/ax ‘ 2 1 / 


2(0 — «) (v — aH) 
2 v- 


(v+u-aH)(^~~aH^ exp \Hx -H(u~ aH) t] 
a (u ~aH)[H {u~aH) + ~{v-u)] 


■ X 


X erfc 


\_2y^ax 




151 


Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


uH{u — aH)— —{v — u) {u — 4a//) ] 

^ j= L_ \/ 

2u{v — ii)YH{u~-aH)+~{v-u) j 

X erfc ( — — 1 X + 

[u/i- (u aH) ~i-H — (u — u) (3a — 4aH )] exp ( — 
^ \ a 


2 — (v ~ u){ii — aH) H(u — aH) - 


X erfc + — 1 M - 

^ 2 \ IT If 




: explHx—H(u~aH) x] erfc 


1^2 \^a X 




B e^oe pea.ibHoii uiiixTbi npn cneKaHim arjioMepara iimoiot 
M ecTo (^HSHKo-XHMHqecKHe npeBpameHHa, cBasaHHbie c Ten.iOBbi- 
Mii 9(p(peKTaMii II npiiBojiaimie k iisMeHeHiiio cbohctb miixTbi. Ecjiii 
npeAno.iO/KiiTb, wto 3tji npeBpameHna b KajK^bifi momcht Bpe- 
MCHII npoiicxoitBT B ysKofi qacTH C\10H, TO npeACTaBJiHexca bo 3- 
MOJKHbiM npHMeHHTb pemcHiie (6) h a.th stoto cjiyMaa, iisMeHiiB 
Be.iHqHHy q Ha cyMMapHbin Ten.TOBoft 3(J)(J)eKT (JmsiiKO-XHMinie- 
CKHX npeBpameHHH b e;iHHime oS-bexia uihxth h ircno.ibsoBaB 
Tenjio(|)ii3HqecKHe cBOHcxBa roxoBoro amoMepaxa. Tanoe peme- 
Hiie onHiuex xeMnepaxypHbifi npotfiHjib Bnjioxb ;io ropiisoHxa cjioh 
B KoxopoM xenjio(j)H3imecKiie cBoftcxBa Syjiyx saxiexHo oxjinqaxb- 
CH ox cooTBexcxByiomHx CBOHCTB apjioMepaxa. O^HaKO b qacxn 
CJIOH, jiejKameii hhhvc 3xoro ropHsoHxa, mo>kho xaKHie oa^njiaxb 
yilOBJiexBopHxejibHoe coBna^eHne AeflcxBiixe.nbHoro pacnpenejie- 
hhh xeMnepaxyp c pacqexHbiMH, nocKojibny xeMnepaxypHbifi npo- 
(piijib B cjioe peajibHOH mnxxbi nMeex xox jkc bhji, qxo it b cjioe 
HHepxHoro MaxepHa.xa, a njiomajiii, orpannqeHHbie xeMnepaxyp- 
HblMH KpHBbIMII, Syjyx HpHMepHO OAHHaKOBbl BCJiejICXBHe paBeH- 
cxBa Tenjioco^epjKaHHH c*ioh b o6ohx cjiyqanx. 


OSosHaneHHn 

— xeMnepaxypa cjioh uiiixTbi; p — naoTHOcxb uihxxu; 

TeiiJioeMKocxb uinxxbi; s — K03(})(|)HuneHT, yHHTbiBaioiuHfi 
jiyqiicxbift H KOH^iyKTHBHbiH xenjiooSMeH b cJioe luhxtu; / — Be- 
COBOH pacxoH. rasa, 4)HJibTpyeMoro qepes csofl miixxbi; — xen- 
jioeMKocTb rasa; w — Momnocxb BHVxpeHHero iiCToqHiiKa xenjia; 
q — xenjiora ropeHiia xonjiHBa, saKJiioqeHHoro b eH,HHHU,e oOx.- 
eMa uiHXTbi; v — CKOpocxb pacnpocxpaneHUH 4>pOHTa Bocnjia- 
MCHeHiiH; /c — xeMnepaxypa OKpyHcaiomefl cpea.u; Q — KOJiiiqe- 
cxBO xenJia, nojiBeiiennoe k ejinHime noBepxHocxn cjion; 5 (t) — 

(})yHh:niifi ^ | ^ ~ j — ejniHiiqHafl (JiynKunn Xesii- 

canjia. 

.n H T E P A T P A 

]. H. M. B a 6 y 111 K H H, B. H. THMO(|)eeB. CdopHiiK Haymiux xpyAOB 
BcecoK) 3 Horo HayMHO-ncc.ieAOBaTe.ibCKoro HHCTiixyTa MeTa.iJiypnmecKofi xen.io- 
TOXHHKH, A“9 7. MeTa.i.nypni3s,aT, 1962. 

2. E. <t>. BerMai'i. Flpouecc ar.ioMepamni. MeTaji.iyprii 3 aaT, 1963. 
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Ko.i.ieKTue aeropoe 
TEn.nO- H MACCOOB.AIEH 
B KAnH.nJI5IPHOnOPHCTbIX TE.HAX 


HeaaKTop nr.jiaxe.xbCToa E. Bo.iKUHd 
aoavecTseHHbifi pejaKTop //. EaMenoeii 
TexHHiecKiiii pe^iSKTop B. CmantyK 
KoppeKTop B. Pa.ihdyetiHa 


AT iX-J32. Ca.THo B Haoop 12/11 IP(i5 r. Floa 
K ncMiiTH IH/AMI 1965 r. OopMar 60X90i/i«. O 
.1. 9./0. yM.-H3a. .1. 9,0. Il3a. 3aKa.3 64. T 
Kaa 2/9. Ti.pa>K 2000 3K3. UeHa 78 Kor 


HO-TCxHIlvecKOfi .TIITepaTVPbl 
iVKa H TexHHKa» .AH BCCP 
ra Mhhhctpob BCCP no nevarn 
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B Hs/iaieiibCTBe «HayKa h TexHMKa^ 

roTOBKTCfl K nefaiM 


^H3H4ECKHE H <^H3HKO-XHMHHECKHE 
CBOKfCTBA <I>EPPHTOB 

/ pyo. 35^Kon. pyccKOM .<i3biKe. Uena 

xulrT Bonpocb, 4,„3 „k„ „ c|,„3.,ko- 

_ IMim (j)eppHTOB Ji 4)I.I3HHeCKHe OCHOBH HX npHMeHeHHH 

B He„ noMea.e«H crarM, coBexcKHx 

x„M.„«a. pa6oraK>„„x 3 o6.ac™ 4,epp„™B b^pp^Lb 

KHnra npejcTasaseT aHaBHreatHbift nsTepec a.ia lunpo- 

Ko^a’^Tr'’ "‘'*‘'"®P"°-’'«B>«ecKHX H HayaHBix paBoTHi,- 
kob, a TaK*e cTyasHTOB crapuiHx xypcOB bhcuihx y<ie6Hbix 
aaBeaeHm,, pacoTaramux 11 cneuna.iMaHpywmHxcH a o6aa- 

H3roTOB.aeH„eM h „p„MeHe- 
HHeM cjDeppoaMarHHTHbix MaxepHa.iOB. 

Khhpv mo>kho aaK-aaaTb npeABapHxeabHo bo Bce\ Maraaiinax KHm-r, 

r "“npaBaarb no aapecv 

ra— nowrn-^ ‘ esHojiopojKHaH yji., 2/, pecnySjiHKaHCKm’i MarasiiH «Khii- 
ra noHTOH» i,.n„ r. MocKBa. K-12, B. qepKaccKUH nep.. 2/10 kohtod-, 
«AKa;ieMKHnra», oT;ie.T «KHHra — noHTOH». ’ 

lealno »anpaB,,„OT 3aK.i3« 

. eHMio KHUAHOH ToproB.iH TocKOMHTeTa CoBera .MimucTpoB BCCP ,io 
ncMaxn no aapecy; r. .Muhck, OMCKufi nep., 13. 
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EfMO- H MACCOOBMEH 
B AHCnEPCrtblX 
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TEnJlO- M MACCOOBMEH 

B AMCnEPCHbIX CMCTEMAX 
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B cdopHUKe npedciaa.teHbi paOoTbi. oxeuTbieaio- 
tuue UlUpOKUU Kpi)2 Gonpocon. CGRGaHHblX c audpo- 
duHQMUKOu u TenAO- u MoccoiiepeHOcoM G nceedo- 
o.'Ku.vceHHbix cucTe.Max, cKBOGHbix dsyxipasHbix 
noTOKQx u Henodeu.vcHbix CAoax ducnepCHUX motg- 
pua.iOG. 

PaccHUTana na uccAedoeaTeaeu u unxenepoG, 
paspaSaTbteaiomux noebie iipopeccbi u annaparu 
xuMUHecKOu, Mera.i-iypauHecKOu, GHepeeTWiecKou u 
cMexHbtx OTpac.ieu npoMbim.ieHHOCTu, a TaKxe dpy- 
eux HayHHbix u UHxenepHO-TexHUHecKux paooTHUSOG , 
BaHUMatomuxca eonpoca.mi Ten.io- u MaccoodMena. 


P e a K o .1 .1 e r II a : 

B. H. ayHCKMU. C. C. BABPOUCKHn (npeaceaaxe.ib) . 
A. H. TAMAPHH 


M. H. MAPKOBA, H. P. MAPTJOIUMH 

HCCJIEAOBAHHE MACCOOBMEHA 
nPM HCnAPEHHH BO^lbl C OOBEPXHOCTH H3AEJ1HH, 
norPy>KEHHbIX B nCEBflOO>KH>KEHHbIW 
CJlOW MEJlKOSEPHHCTOrO MATEPHAJIA 

TenjiooG.MeH c noBepxHOCTbio, norpyjKeHHoft b nceB;i,oo>Kii^eH- 
Hbifi cjiofl, noaseprcB AexajibHOMy HccjfeAOBaHHio b pHjie paoox [1]. 
.MejKjty xeM MaccooSMeH b aHajioxHMHbix ycjiOBUBX nayqen OMenb 
CvTado.. Hs onyojiHKOBaHHbix pa6ox cjie^yex oxMexiiXb onfaixH 
B- JX. PBosAeBa [2] no ncnapeHnio boabi c noBepxHocxii B*na»:Hbix 
HSAeAHH, norpyjKeHHbix b Harpexbift nceBAOojKHJKenHbiH cjiofi 
Me.xK03epHiicxoro Maxepiiajia. Oh noKasaji, qxo BJiajKHbie xKaHU, 
KapXOH H ApVTHe MaxepHaJIbl BblCyUIHBaiOXCH B nCeBAOOHiHJKeHHOM 
c.xoe B 2 — 3 pasa 6bicxpee, mbm b noxone BosAyxa npn Bcex npomix 
paBHbix ycjiOBHHx. 3xox 4)aKT noATBep»<AaexcH ApyrnMH jinxepa- 
XypHblMH ABHHblMH, B KOXOpbIX, KpOMB XOFO, HMCIOXCH yKaSaHHH, 
Mxo cyiuKa B.iajKHHx xKaneH b nceBAOOJkH:H4eHHOM c.xoe obijia iic- 
ri'po6oBaHa b npoMbiuiJieHHbix ycjiOBHHx [3], 

Bee 3XII paooxbi, oahbko, iiMetox micxo xexHo.xorimecKoe Ha- 
npaB.xeHHe. CncxeMaxiinecKoe nayneHiie npnpoAbi MaccooSAiena 
.Me>KAy rasoM (napoM) ii noBepxHocxbio hsacjihh, norpy^KCHHoro 
B nCeBAOO>KH>KeHHbIH CJlOH, HlIKeM, nO-^BH AHMOMy, He OCymeCXB.XH- 
.xocb. 3x0 noSyAH.xo nac aaHHXbcn HccjieAOBaHHCM K03(J)(J)HH,iieH- 
xoB MaccoodMena npii HcnapeHHH boabi HenocpeACXBeHHo b nceB- 
AOOTKHJKeHHbiH c.xoH B uejiHx 6o.xee rjiydoKoro npoHHKHOBeHHn 
B MexaHHSM nepeHoca Bemeexsa b yc.xoBHHx, KOXAa MaiccoodMen- 
Han noBepxHocxb noABepraexen odpadoxKe ABHHcymHMUCH qacxn- 
uaMH. 

aI^xh HccjieAOBaHHH MaccoodMena npii HcnapeHHH boabi c no- 
BepxHOcxH, norpyH<eHHOH b nceBAoo>KHA<eHHbiH cjioh, dbiJia co- 
3AaHa 3KcnepnMeHxa.xbHaH yexanoBKa (piic. 1). 

B annapaxe AijaMexpoM 0,15 m h bhcoxoh 0,5 m cosAaBajicH 
nceBAooHCHHceHHbiH cAoii. Annapax dbiji hspoxobjich h 3 cxeK.xa, qxo 
I103B0AHJI0 BeeXH BHSyaJlBHbie HadjlIOAeHHH 3a cocxobkhcm cjioh. 

nceBAOOJKHJKaiOmeH cpCAOH CJiyJKHJI B03Ay-X, paCXOA Koxoporo 
H3MepHACH poxaMexpoM. B KaqecxBe MejiKoaepHHCxoro Maxe- 
pnajia HcnoAb30Ba.xcH KBapHeBWH necoK. Bbi.xo npoBCAeno xpir 
cepHH onbixoB c pasJiiiqHbiM (jipaKUHOHHbiM coexanoM necKa — 
c 3KBHBaAeHXHbIMH AHaMCXpaMH qaCXHU, COOXBeXCXBeHHO 0,565. 
0.488 H 0,347 mm . 
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YcTaHOBKa nosBOJiH.Tia dnpe;i.ejiBTb Ko.iHqecTBo HcnapHBUieficn 
Bnarii c noBepxHOCTH b ejinHupy BpeMeHii. HsMepenne B.najKH0CTn 
Bosjiyxa ocymecTBJiHJiocb c noMOiubro ncnxpoMexpa c pery.iiipye- 
MbiM oS^yBOM mapHKa MOKporo TepMOMerpa. 

OnbiTbi npoBO^lHjiHCb npH xeMnepaxype c.ioh 50 ° C. Cjioh no- 
AorpcBajica aba'mh SvneKxpimecKHMH cnHpa.xHMH, norpy>KeHHbiMH 
B Hero. TeAtnepaxypa c.toh no.ii,aep>KHBa.xacb hocxohhhoh (b npe- 



/ — Ko.noHHa; 2 — ra3opacnpe,iejiiiTe.nfaiiaH peuicTKa; 3 — 
nceBfloojKHSveHHbiii caoii; 4 — ra3opacnpe;5ejiHTejibHas3 
KaMepa; 5 — poTaMerp; 6' — ncn.xpoMexp: 7 — aac.aoHKa; 

8 — peoMexp; .9. JO — sjieKxpiniccKHe cniipa.m; 11 — 

KOHxaKXHNH xopvoMexp; 12 — iiciiapinejifaHaa MMe^Ka; 

13— i!3MepiixfcXfaHaa OiopexKa; 14 — xepMopery.73axop 

Ztejiax ±0,5° C) xepMopery.iHxopoM h liSMepa^xacb pxyxHbiM xep- 
MOMexpoM. 

HsBecxHo, Hxo npH xenjiooOMeHe MejKAy KunnmHM cjioeM h 
norpyjKeHHbiM b Hero iisAejiHeM K03(J)<J)HHHeHXfai xenjioo6MeHa 
CH.xbHO saBHCHX OX peHCHMa HceB^XOojKHHieHHH H npH onpeaejieH- 
Hbix yc.noBHHX npoxoflHX qepes MaKCHMyM [1], EcxecxBeHHO, qxo 
XOJIbKO b6jIH 3H 3X0X0 MaKCHMyMa MOJKHO OH<HTI,aXb HandOJIbllieH 
HHxeHCHBHocxH HcnapeHiiH. 

C AOCXaXOHHOH XOHHOCXbK) peJKIIM, COOXBeXCXByiOmHH MaKCH- 
MaafaHOH xenjionepejiaMe b nceBjooHCHJKeHHOM caoe, mojkcx Obixb 
paccqiixaH.no 4>op^*y‘’'e [4] 


Re - 0,12Ar"- 


( 1 ) 


ZtJiH oxHociixeabHO KpynHbix (JipaKmift XBep;ioro .Maxepiia.Ta 
KpiiBan saBHCHMOcxH a ox cKopocxii rasa HB.iHexcn aoBo.ibHo no- 
.'ioroH bOjihsh MaKCHMyMa. 3xo nosBoanex Bbiftxii sa npejtenbi pe- 
HCHMa, ycxaHOB,xeHHoro Bbipa>KeHHeM (1). Kan iisbccxho, PI. M. 
OeriopoB [5] npe.n,xoH<iLi pacqexa padoqiix cKopocxen rasa 
(popMyjiy 

Re = 0, 19 Fe*’°®. (2) 

Bbipa>KeHHe axoro ypaBHennH qepes KpnxepHH ApxnMe^a ^aex 
C.XO/lHyK) C ypaBHeHHCM (1) SaBHCIIMOCXb, HO nOCXOHHHblH K03A- 
(i)imHeHX npH KpHXepHH ApXHMe- 
ja nojiyqaexcH noqxii b asa pasa 





2000 Lh.h/H2 


Pile. 2. SaeilCHMOCTb CKOpOCXH 
cyuiKH w OT Ah (^3^0,347 

^ — cKopocxb Bos^y.xa ie)=0,400 M/ceKi 
2 — 0.448; 5 — 0.512; 4—0,582; 5 — 
KOHBeKXHBuaa cyuiKa bhc nces^tooHCH- 
H<eHHoro 0.105) npii m'=0,468 MjeeK 


oojibuiH.M. 3x0 nosBOJinex HaMe 
Xiixb Cjiejiyiomyio oSjiacxb pa6o- 
qnx CKopocxeii rasa, b npeAe,iax 
KOXOpOli yC,XOBHH -MaKCHMaJIbHO- 
ro xenjiooSMeHa 6yjtyx yAOBJiex- 
BopHXbCH c jocxaxoqHOH xoq- 
Hoctbio: 

Re = (0,12 ^0,22) Aro-A (3) 

KojiHqecTBo jkhakocxh, no- 
cxynaiomee na HcnapeHHe, onpe- 
aejinexcH nanopoM b HqeflKe hc- 
napeHHH. HsMeHenHe nanopa 
ocymecxBjiHexcH HSMeneHHeM 
ypoBHH HvHjiKocxH B SKopexKe oxHocHxejibHo uenxpa nqeftKH (na 
cxeMe 3xa Bejiiiqiina oSosHaqena Ah). 

ripil yCXaHOBHBUieMCH pCHiHMe .ZIJIH KaJKJtOH BejlHqHHbl Ah 
HSMepHJlOCb KOJIHqeCXBO JKHaKOCXH, HCnapHeMOH B eSHHHUV Bpe- 
MeHH, H B,xarocoAepHcaHHe B03.ayxa no ncHxpoMexpy. B KajK^OM 
oiibixe cboah,xch MaxepnajibHbiH 6ajiaHc no Bjiare. npH o/ihom 
paexo^e Bos/iyxa HSMepHJiacb CKopocxb Hcnapenun Bjiarit c no- 
BepxHocxH npH pasjiHqHbix BejinqHHax Ah. 

Ha pHC. 2 nOKasaHO HeCKOJIbKO KpHBbIX SaBHCHMOCXlI IF ox 
A/i npH pasaiiqHbix CKopocxnx Bosjiyxa b cboOojihom ceqeHnn 
a^nnapaxa. Kan bh^ho. Ah npuHHMaex oxpnuaxejibHbie snaqeHHH. 
3x0 roBopnx o najinqnn b CHCxeMe KaniijuinpHoro paspenceHUH. 
113 rpa4)HKa Biijirio, qxo npH hhskhx snaqeHHHx Ah CKopocxb nc- 
napeHHH noqxH nocxoHHna, oji,HaKO npn 6oJiee bbicoko.m Hanope 
b HqeHKe CKopocxb HcnapeHun Haqunaex Bospacxaxb. Mbi npe.zi,no- 
ao>KH,xH, qxo yBejiHqenne CKopocxH iicnapeniiH cbbssho b .xaHHoiti 
c.xyqae c nepeMemeHHCM ^^poHxa HcnapeHHn b rjiy6b nceBjiooHxn- 
/KeHHoro CJIOH, BcjiejicxBHe qero yBeanqnBaexcH noBepxHocxb 
licnapeHHH. HsBeexHoe norixBepjKn.eHiie sxomv mh noayquon ny- 
xeM BHsyajibHbix HaOjiiojeHiiH sa cocxoHHHe.M noBepxHocxn licna- 
peHHH. Hpii Sojibuiiix Ha nopax na noBepxHocx” oSHapyjKiiBaacH 
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c.ioii Ha.innmiix iiacrim. B ,to Hce BpeMH npii paSoxe b oSjiacxH 
BHaMeHiiH Ah, cooxBexcxByiomiix nocxoHHHofi CKopocxH iicnape- 
noBepxHocxb ^JH.xbxpoB Bcer;ia OKasbma.xacb micxofl. 

npH pacqexe K 03 (})(})HmieHxoB MaccoodMCHa mh Bcerjia nojib- 
soBa.xHCb BHaMeHiiHAiii cKopocxH licnapeHHB. non\ qeHHbiMn H 3 rpa- 
(jDHKa W=f(Ah) II cooxBexcxBVKDmiiMH o 6 .iacxii Majibix nanopoB 
B H^eHKe HcnapeHHH ( 1 ¥^= const). 

BbKiH npoBejieHbi cpaBHHxejibHbie onbixbi no ncnapeniiio B.xani 
c noBcpxHocxH xori }«e nnenKii Henocpej,cxBeHHo b noxoK B 03 n.yxa 
(bhc nceB 7 i,oo>KH>KeHHoro cjioh). Pe 3 \vibxaxbi sxoro onbixa npea- 
cxaBJieHbi KpuBOH 5 Ha piic. 2. Kax bhaho, cKopocxb HcnapeniiH 
B 3 XOM cnynae b 3 — 4 paaa HHHce CKopocxn ncnapeHHH b nccBAO- 
ojKHJKeHHOM cjioc npn xoH JKC xcMnepaxypc ii xom n<e pacxoAe 
B 03 Ayxa. 

Ko 34 ) 4 >HU.HeHx MaccoodMena ox norpyaceHHOH b cnoH noBepx- 
HocxH MaccoofiMCHa onpcAeAsiexcH ii 3 ypaBHCHiiH 


in 


RT 




(+) 


3 x 0 ypaBHCHiie, oAHaKO, He ynnxbiBaex KOHBeKXHBHoro noxoKa 
BosAyxa, BosHHKaiomero npii iicnapeHHH boabi c noBepxHocxii. 
C ynexoM sxoro KOHBeKxiiBHoro noxoKa ypaBHeniie MaccooSMena 
sanHinexcn c.xeAyioimiM oCpaaoM: 




RT P-Pir 


(5) 


Hah K034)(})HUHeHTOB MaccooSMena xapaKxepHO cooxHomeHHe 


3 ' -WKu, 


( 6 ) 


FAe 


Kn 


P 

P\\ ~ 


In 


P~Pw 


(7) 


B Haiiinx onuxax Kn nMeex SHaneHne nopHAKa 0,96. Ecah 
noAOACHTb a^h Kh BHaneHHe, pasHoe CAHHHue, xo oiuHSKa pac- 
nera mhao noBAiiHex na xoHHOcxb onpeAeAeniiH K034)4)Hi].HeHTa 
MaccooSMena h pacnex MOHiHO npOHSBecxH no ooAee npocxoM}" 
vpaBHCHHio (4). MexoAHKa o6pa6oxKH onwxHbix AaHHbix eme 
ooAee ynpomaexca, ecAH noAbsosaxbCH BeAimHHofl BAaroco- 
AepaoHHH BOSAVxa. ToxAa ypaBHeniie MaccooSMena sanHuiexcn 
cAeAyiom.HM o6pa30M: 




R, P — P 


( 8 ) 


6 


CxeAOBaxeAbHO, pacnexHoe vpaBHeHiie iiMeex biia 


Ha pnc. 3 npiiBeAenbi aaBiiciiMOCxii K03c}3(l3nmieHxa Maccoo 6 - 
Mena ox CKopocxii B03Ayxa b cboSoahom ceneHnn annapaxa. 06- 


HapyH<HBaexcH BHannxeAbHbin 
paaSpoc onbixHbix xonex. Ana- 
AiiaiipyH npnMiiHbi axoro paa- 
opoca. Mbi npiiujAii k bbiboav. 
nxo (jopoHx ncnapeHHH b neKO- 
xopbix c.xyqaHX Mor c.Memaxb- 
CH He XOAbKO B rAy 6 b CAOH, 
KaK 3X0 6 blAO yCXaHOBACHO 
Bbinie. HO n BHyxpb nanexa 
<j)nAbxpoBaAbHon SyMarn, iia 
Koxoporo 6 biAa oSpaaoBana 
noBepxHocxb HcnapennH. 

Ecaii (|jpoHx HcnapeHHH 
cMecxHxcH BHyxpb naKexa xo- 
XH 6bl Ha OAHH AHCXOK, XO HO- 
HBHXCH AOnOAHHXeAbHOe AHCllC 

cAvnae moh<ho aaniicaxb 



Puc. 3. 3aBnciiMOCTb Koa^xtamiieHTa Mac- 

COO^MeHa 3 OT CKOpOCXIi B03A\Xa B CBO- 

6oa,HOM ceHeHim annapara: 

I — ^/3=0.565 7. -3 — OASS; 4, 5 — 0.347 

y'anoHHoe conpoxiiBAenne. B 3 xom 


1 


P 





(10) 


Bxopoii MAeH 3 X 0 X 0 ypaBHCHiiH He saBiicnx ox pen^uMa nceBAO- 
OHvIIHveHHH. CACAOBaxeAbHO, KpiIBbie aaBlICIIMOCXn K 03 (J) 4 )HmieH- 
xoB Maccoo 6 MeHa Pi n p aah Asyx noAbn^eHiiH ^^poHxa ncnapeHHH 
AOAHCHbi 6 bixb 3 KBHAHCxaHXHbiani. HecMoxpn na xo nxo b npo- 
necce onbixoB AH(j 34 )y 3 HOHHbie xapaKxepiicxiiKii (|>HAbxpOB mofah 
npexepneBaxb iiaMeHCHUH, onbixHbie xohkii AOXKaxcH na skbhah- 
cxaHXHbie KpiiBbie bhoahc vAOBAexBopiixeAbHo {2 — 5). OepeMe- 
Luenne (|)poHxa ncnapeHHH b AannoM CAynae xaK>Ke npoiicxoAHAo 
noA BAiiHHiieM KaniiAAHpHOFo paapesceHHH b nneftKe ncnapeHHH. 

OneBHAHO, MOXHO CpaBHHBaXb XOAbKO xe SHaneHHH K034)(i)H- 
mienxoB MaccoobMena, Koxopbie cooxBexcxByiox oAHHaKOBOMy 
pacnoAOJKeHHio (^pOHxa ncnapeHHH, a hmchho na noBepxHOCXH 
HMefiKH ncnapeHHH (KpiiBbie 1, 2, 4). 

OeiuiiH xoA saBiiciiMocxH p = f( tC’) HMeex n 3 BecxHyio anaAo- 
ruK) c xoAom KpiiBOH a = f ( w ). HaAiimie MaKCHMy.Ma HBAnexcH, 
no-BHAHMOMV, obiAHM AAH oSeiix saBiiciiMOCxen. OAHaKO noAy- 
qeHHbie SKcnepHMeHxaAbHbie AaHHbie cBiiAexeAbcxByiox o xom, qxo 
MaKCHMyM Ha KpuBoft P = f(!i’) cyme.cxBeHHo cabuhyx b cxopoiiy 
ooAbuiHx CKopocxeii BOSAvxa no cpabHeHiiio c noAonvenneM Ma- 
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1 


HTo 6 bi nepenaj. ;iaB.ieHnH Ha c.ion 6 bi.i sHaHiiTenbHo Menbiue 
aocOcTioTHoro aaBJieHiiH B BepxHefi qacTii c.ioh. onuTbi npoBo;iii- 
,iiicb c HemyooKHMH c.iohmh /?o =10 -t 70 mm. B hpothbhom cay- 
qae CKopocTb rasa b caoe obicxpo yMeHbuiaeTCH b HanpaBaeHini 
CBepXV BHH 3 II TOFO, HTOObl npiiBeCTlI B a,BnH<eHIie Becb caoii, 

aiiHeiiHaH cKopocTb rasa b BepxHeft mhctii caoH aoajKHa 6 biTb 
iHaqiireabHO Bbime MiiHiiMaabHoft CKOpocxii nceBiiooH^iiHieHiiH. 



/ , 6‘ H — KpaHbi aJiH pery.-inp;)BaHiiH oTKa»iKii B03;^yxa ii3 ycTanoBKii 
11 HaxeKaHHH BOBAyxa b ycTaHOB^y: Z — bx<)a:kii; con-io; 3 — rasopacnpefle- 
.3HTe.ibHaH peuieTKa (napa.iriHOBaa ryuKa ii.ni nnoTHbiii cjioii necKa d=C),23 — 
— 0.I4.HJM); 4 — CJjo;" ncriB;ino>Kii>KeHHOro MaTepiia.na; 5 — Tpyda If3 TBcp- 
Aoro cTeKJia. D=48 .m.m; 7 — Kpan yAa-icHnsi nbiJiii i!3 iiiiK.aoHa; S — 
il!iK.3on; 10, 9 — Mac.iaHbift H pryniwri ManoMeTpbi; II — Macn«iibin qiiiAbTp 


Hs [1] ii Hamiix onwxoB hcho, qxo saBiiciiMOcxb conpoxHBjieHHH 
c.ioH ox MaccoBoii cKopocxii noxoKa noj,o6Ha aHavioniqHOH saBii- 
CliMOCXH npH aXMOCCjiepHOM p,aBJieHHII. 

CooxHOUieHne R Me>Kp.y (ftaKXiiqecKHM nepenap,OM a,aBJieHiia 
B nceBp.oo>KHHceHHOM cjioe' ii BecoM Maxepiiajia, npiixojIHmHMCH 
Ha eiiHHHiiy njiomap,H ceqeHiiH cooh, HBanexcn HeKoxopoft xapaK- 
xepliCXIlKOii OAHOpOJIHOCXlI HCeB AOOyKHJKeHHH. C HOHHJKeHHeM 
/laBcTieHHH BeariqHHa R yMeHbuiajiacb. Tax, nanpuMep, b HauiHX 
onbixax c necKOM <i = 0,25 — 0,14 mm npii P= 133,3 H-jM^ P=0,69 — 
0,75, xorj,a Kax npii 5,33 • 10^ hIm"^ R noAHiiMajiocb p,o 0,88 0,92. 

nop,o 6 Hbift xapaxxep nsMeHeHiia BeaHHHHbi R Ha 6 nK)aajicH n apY" 
niMii iiccjiep:oBaxe,XHMH [1]. 

/Ijih pacqexa MHHHiMa,TbHon CKopocxn nceBiroo>KiiHceHHH npii 
noHHJKeHHOM jiaBjieHHH Bocno.ibsyeMCH (JiopMyjioft Jleaa [3], npeji- 


^•lOHceHHOH pacqexa MiiHHMa.ibHofi CKopocxn nceB.riooixif/Ke- 

HiiH npH axMoc{J)epHOM ;iaB.xeHHii; 


Gu.y 


Cdg 0,. ( p„ — 0 .) 


(1) 


Hs (1) BHP.HO, qxo MaccoBaa cxopocxb naqajia nceB;ioo>KH>Ke 
HHH y.MeHbmaexca c VMeHbuieHHeM /xaBaenna. JXji^ o6jiacxii bhs 
K ocxHoro xeqeHHa, ^.^e eme He CKasbiBaexca stjxfieKx CKOObJKeHiia 
<Jn.y nponopmioHajibHo AaBaeHHK). 

Zloa o6,Tacxii xeaeHna 
CO CKoabJKeHiieM nponoppHO- 
HajibHocxb aoji>KHa Hapy- 
uiaxbca B cxopoHy j^BeaiiqeHMa 
-MaccoBofi KpHxiiqecKoii CKopo- 
cxH, qxo .xeflcxBHxeJibHo no.n- 
xBepa<;iaexca ;;aHHbiMH [1] h 
H amiiMH oHbixaMn. 

rionbixae.Mca BiiaorisMe- 
HHXb iisBecxHyio iiHxepnoaa- 
mioHHyio cJjopMyay Toaeca ii 
.xp. [2] jjia Haqajia ncesao- 
oJKiiaieHHa, BBeaa b nee x,o- 
nojiHHxejibHo K Ar Bxopofi 
onpeaeJiaiomufr Kpnxepiifi — 
qiicjio Knyacena Kn, c xeM 
qxo6bi e/iHHon cjiopMyjioH 
OXBaXHXb He XOabKO OCHOBHyiO 
oojiacxb BasKoro xeaenHa, ho 
H xeqeHiie co cKoabaceHiieM. 

C 3XOH uejibio noJiaraeM 

Re,'. = Al(L+^K"n> 

1400 -I- 5,2? >^Ar 


2 


Phc. 2. SaBiiciiMOcTb nonpaBOMHoro Koarjj- 
4)HmieHTa ^ = 1 -f- 1 0 Kn ox OTHOiueHna 


/— necoK 4 = 0,118; 2 — 0,187 

cTCKAaHHbie mapiiKii 4=0,775 mm: -i 
KaBaMvpa ii Cysaasa, ciiJiiiKarenb; 

.iHHHbie uiapiiKii 4=0,1 .ii.n 


HMeiomiieca onbixHbie jiaHHwe (piic. 2) y/i,OBaexBopHxeabHO onn- 
cbieaioxca (|)opMyaoH xanoro BH.z],a npii 5= 10 ii n= 1,18. 

B (Jiopwyjie (2) KpHxepiifl Kn no;i.cqHTbiBaacH no SKBHBa- 


nenxHHM .xnaMexpaM „KaHa.xoB“ Mea^jiy qacTnuaMii — 
2 nid 

~ 3 ( 1 _ ;cpexi.Haa .xnitHa CBoOojiHOro npoSera MoaeKyji bos- 

Ayxa npH HopMaabHbix yc,iioBHax npHniiwajiacb paBHofl 7 - 10 -® jw. 
lloposHOcxb c.ioa npH ripe,xe.iie ycxoftqHBOCXH, xaK oObiano, 
Bsaxa m — 0 , 4 . HeKoxopue nepBimHbie onbixHbie xi^aHHHe noH- 
BeAeHbi b xaOji. 1 . ^ 
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T a 6 a im a 1 

SaSMCHMOCTb .MHHMMaabHOH CKOpCCTH nceBAGOa<H}KeHHS1 
U/'i, y OT AaBJieHMfl 


AlaTepiinji 


d. 


"’ll V- 

p.ioy 

n V 
MjCeK 

CxeKJIHHHWe lUapHKH 

2900 

0,775 

0,133 

0,266 

0,399 

2,0 

1 ,42 
1,25 

1 0,532 • 
0,665 
0,798 

1.1 

0,948 

0,932 


2900 

0,1 

0,133 

0,399 

0,798 

0,181 

0,071 

0,044 

3,99 

6,65 

40 

0,017 

0,0133 

0,12 

riecoK 

2640 

0,118 

0,133 

0,226 

0,4 

0, 193 
0,112 
0,080 

1,33 

6,66 

40 

0,0254 

0.0200 

0,0157 


2640 

0,187 

0,133 

0,266 

0,399 

0,303 

0,164 

0,11 

26,6 

66,6 

40,0 

0,052 

0,044 

0,04 


Hccjie^OBa^iocb TaKJKe pacmapeHHe nceBAOoacHjKeHHoro c^oa 
B saBHCHMOCTH OT CKOpocTH 4)HJii>TpaBHH H rjiySHHBi BaKyyivia. 
Bucora paciuHpeHHoro c^oh onpeAeJiajiacb HenocpeACTBeHHbiM 
HBMepeHHeM nepes npospaqHyio cxeHKy Tpy6w (Ta6ji. 2). 

OnHCaHHH OnbITHHX AaHHbIX M03KHO npCilJIOXtHTb HH- 
TepnoJiauHOHHyio (JtopMy^iy 


Re = 


H oSpaiueHHyK) 


Ar ( ] -+- 1 Q-t 

18 -h 0,6 I -f- 10*Kn)“-o^ 



18Re + 0,36Re- 
Ar(l + lO*Kn)"-’-5' 


(3) 


(4) 


Ohh noAoSpaHbi HaMii xaK, qxoSbi yAoSHwe HHxepnojiauHOH- 
Hbie (JjopMyjibi To,ueca ii jip. [2] nojiyqa.aHCb h 3 hhx KaK qacxHbiH 
cjiyqaft npii a,ocTaToqHO MajiHx Kn. HecoMHenHo, axo JiHiiib nep- 
Boe npHO.TimeHHe h nocjie HaKonjieHHH HOBbix CHcxeMaxHqecKnx 
;i,aHHbix o pacuiHpeHHH nceBjtooxKHJKeHHbix c.noeB noA BaKyyxioM 
mo»:ho 6yaeT axH (J)opMyjibi yxoqHHXb. 

Ha pHC. 3 HaHeceHbi SKcnepHMeHxajibHbie aaHHbie h Bejiiiqu- 
Hbi, BbimicjieHHbie no (J)opMyj]e (4) . PasOpoc xoqeK b sHaqnxejib- 
HOH Mepe oOTjacHHexcH norpeuiHOCTHMii 4>opMyji To/ieca h jip. [2], 
nojioxceHHbix b ocHOsy oOpaSoxKn Haiuiix onwTHbix jaHHbix. 

12 



0603HaMeHHB 


Ar = g^(PM — Pc) 


— KpHxepHH ApxHMejia; 


Kn = X/rfa — KpHxe- 


puft KHyAcena; B — K034)4)HUHeHT b 4)opMy.?ie (2); C — (|)yHKUHH 

Re [3]; d AwaMexp qacxHu,; dg = — rHj,paBJiHqecKHft 

3 (1 — m) 

jlHawexp „KaHa.>iOB“ sieac^iy qacxHuaMH; g — rpaBHxauHOHHoe 
ycKopeHHe; G— xiaccoBaH “cKopocxb tjjHJibxpauHH; A — Bbicoxa 
nceBAoo>KH)KeHHoro cjioa; Ao — Bbicoxa oceBiuero c^oh; m — 
noposHOcxb c^oh; « — noKaBaxejib cxeneHii b 4 )opMyjie ( 2 );, 
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P — AaBJieHHe; R — OTHomfeHne conpoTUBvieHHH cjioh k secy 
CTOJiSa MaTepnavia na ejinHimy n^oma;i;H ceqeHHH cjioa; W — 
jiHHeflHaa CKOpocxb 4)HJifcTpamiH: T — cpennaa A^HHa CBo6oaHoro 
npoSera MOJieKy.i rasa; jx — ituHaMimecKHJj K03(jD4)HUHeHT bas- 

KOCTH; V KHHeMaTimeCKHft K03f}D(|)HUHeHT BASKOCTH; — nJIOT- 

HOCTb qacTHU; — n./toTHocTb rasa. 

H H e K c bi: n.y — npeneji ycToftqHBOCXH c.?ioh; on — onux- 
Hbie Be.;iHnHHbi; p — paccniixanHwe no HHxepnojiHunoHHoft Aop- 
Myae Toji.eca n j,p. 
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Ir.3 


//. <p. nfiK-vc 

K METOAHKE pacheta khhethkh 
HAEPEBA BJIA>KHOrO MATEPHAJTA 
B nCEBAOO>KH>KEHHOM CJIOE 

BbicoKan HHxencHBHOcxb nponeccoB xenjio- n Macconepenoca 
II .xocxaxoqno paBHOMepnbifi narpeB oxACJibHbix qacxnn, ooecnenn- 
BaeMbie b ycxanoBKax c ncesjioojKHJKeHHbiM cjioeM, jejiaiox sxor 
Mexo/i. ocooenno nepcneKXHBHWM npn cviuKe pas.xnqHbix xeDMoia- 
oHJibHbix MaxepnajioB. " - p- . 

QqeBHAHO, B^ocHOBy pacqexa BbicoKOHHxencuBHoro npouecca 
xepMo.TaSibibHbix .Maxepiia.ioB b nceBaoo>KnyKeHHOM cnoe 
MO»ex 6bixb nojiomen Mexo;i, npe;i;jio>KeHHbiH A. C. rnHsCyproM 
n B. A. PesmiKOBbi.M. 3xox .Mexo:i ocHOBan na onpeae.ieHini ripo- 
.aojiB<HxejibHocxn cyiuKH c yqexoM narpoBa .Aiaxepnajia jio MaKcn- 
AiajibHO iionycxHMOH xeMnepaxypbi. 

OcHOBbiBancb na SKcnepHMeHxajibHo ycxanoBJieHHbix saKono- 
AiepHocxHx nponecca cvuikh sepna b nceB^loomHJKenHOM cjio^ 
aBxopbi noJiyqnjiH anajinxHqecKHM nyxeM ypaBHenne jijia pacqetd 
npoAO.ajKHxejibHOcxH Harpesa BjiajKHoro Maxepnajia b neonoxe 
nocxoAHHon CKopocxn cyniKH [1, 6]. i 

HaMH npejiJiaraexcH npnSjiHJKeHHbui Mexo/i pacqexa KunernKH 
HarpeBa BJiajKnoro jiHcnepcHoro Maxepnajia b nceBAoojKHJKennoM 
c.noe npHMeHHxejibHo k npoueccy nepHo;iHqecKOH cvuikh b ne- 
pHOAe na.2iaioiuen CKopocxH. 

HsBecxHO, qxo KHHexHqecKHii pacHcx xenjiooSiMeHa Maxepnaxa 
CO cpe.a^i B nccBjioojKHJKeHHOM Cjioe, ocHOBaHHbiH Ha onpeaejie- 
HHH K034)4)HUHeHXa XCnvIOOSMeHa, npHBO/IHX K SHaqHXeJIbHfalM no- 
rpeuiHocxH.M [1, 3]. 3xo npencAe Bcero BbiSBano HeB03Mo»Hocxbio 
xoqHoro nsMepeniiH Kan xejMnepaxypbi noBepxHdcxii Maxepnana 
xaK H pacnpe.nejiefiHH xeMnepaxypnoro nanopa Memay diasaMn 
B cjioe [7]. BnojiHe OHeBM^Ho, qxo /laJKe MajiBHuiaa Hexoqnocxb 
B HSMepeHHH xeMnepaxypbi npHBo/iHx k snaqHxejibHbiM HSMene- 
HHAM cpe^anen pasHocxH xeMnepaxyp, a cjie^OBaxejibHo, h Be.xn- 
MUHw K03(|)(J)HUHeHxa xen.aoooMeHa b nceBjooJKHHveHHo.M c.ioe. 
Kpcnie xoro, BejinquHa ouih6kh npu KHHexnqecKOM pacqexe xen- 
.loofiMena b nceB^oojKn>KeHHOM cjioe b So.xbuieii cxeneHH saBiiciix 
II OX oObiqHo HMeiouiero Mecxo Heo^Hopo/iHoro nceB^iooHCHHceHiiH, 
ooycjioBJieHHoro KaHajioodpasoBaHHeM h npopbmoM qacxH rasoB 
qepes cjioii B BHue nysbipen. HpH sxo.m Hs-sa no^iMemuBaHUA 
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cymiMbHOMy areHTv npopBaBmiixcH Heo.xia>K- 
acHHbix raaoB pacMeTHbiir leMnepaTypHbiH nanop b nceBaoojKH- 
^eHHOM caoe, onpeAeJiHe^ibifi ;ia>Ke Ha ocHOBaHHH tohhmx saMe- 
POB TeMneparyp b aKcnepiiMeHTe, Sbixb b HecKo^'Lo oaa 

oo.ibme AeHCTBHTe.7bHoro. EcrecTBenHo, hto no^cHH^Hbie no 
pacqeTHOMy TeMneparvpHOMv Hanoov 
3\?H HBJIHIOTCH yCJIOBHblMH BejIHHHHaMH, 

Te^lHWMi^a nopHilOK no cpaBHennio c jtencTBii- 

Ha CKasaHHoro moh^ho cAe.narb bbiboji, hto na>Ke b nDimnnnp 
HeBosMOJKHo HonyqHTb TOHHbie saBHCHMocTii pacqeTa coen 

aeH,,„ „ coOTBeTCTByromefl narpysKe MaTepna.ia Ha Se™v 
Tvpt 61H3KVW T "p """^eBTioojKHJKeHHoro c.lOH, HMeiOT TOMnepa- 
^ TeMnepaxype Maxepiiajia b c.xoe t 2 = S f3 51 
B nponecce cyin^n, nisHaJ 
qexoM. Bo-^^syncb cTaxnqecKHM SajiancoBbiM pac- 

HarpeB qacrnn 6e3rpa;iiieHXHbiM, a xeMnepa- 
T^p\ MaxepHajaa OAiiHaKOBoft b o;ihh h xox jkb momcht no bccmv 
^ ’ ypaBHCHHe xenjioBoro Sa.ianca nceBAoojacHHceH^ 
^oro cjioH B^ajKHoro Maxepnajia npiiMeHHxe.xbHo k npoueccv ne- 
p o^piqecKon cyuiKu Sy^ex HAtexb cnejiyfomnn bhj: 


^ dS 
Gc, ~=F^vyc(t , -(-))- 


G dW 
{100 ^ U”) d- 


dQ- 

d- 


(I) 


HaMH paCCMaxpHBaiOXCH OCHOBHbie aaKOHOMePHOCXn namonn 

xapaKTepHOM bTpo™ ^epSo": 

c ;iocxaxoqHOH HHJKenepHbix pacqexoB xoq- 

pCc^l; cymmif "P""’"' “MyiouiHft saKOH iisjieHeHHa cko- 


dr 


= r((r;-ii7p)exp(-A-.). 


npH 3XOM 


W = W^-^iW[~W,)exp{-K^). 


(2) 


^3) 


Beca G H TenjioeMKocTH Marepnajia 
.flioooro MOMCHTa BpeMCHH t; ^ 


G = Ci 


100 -f 
lOO + H^i 


(4) 


\r 


t-y, =Q.b -r (I — r,.J- _ 

100 -r U” 

1 OOq.b -f U p + (IF[ —Wp ) exp ( — /C-t) 


100 + ir 


(o) 


^ Cvieii\eT OTMexHTb, qxo xen.ioxa napooSpaaoBaKiin mojkot 
O biTb onpe;ie.ieHa no cvie^iyiomeft npH6.inH<eHHOH (Jiop.MVJie: 

/■ = 597 — 0,56 ©,p + 

Be^inqiina z'^. MOyKer OKasaxb sa.MexHoe BouHnne na xen- 
noBOH 6a;iaHc cymiLibHoft ycxaHOBKii npn rnvOoKofi cyujKe Aia- 
TepnajioB ;i,o Ma.7iOH ocTaxoqHoii B.xajKHOcxn. 

Cor.xacHO [1], mo/Kho npnHHXb 


-^-2- = (35G,, 

d - 


(7) 


noc^e noAcxaHOBKii (2), (4), (5), (7) b ncxoziHoe ypaBHenned) 
H cooTBexcTByiomHx npeoOpasoBaHHH no.ivqae.vi 


B expl/Ci:) 


de 

d- ‘ ^ M exp (K -) + w'l — Wp 

•5 (1 00 -f W4)] exp {K-)~D 

^Jexp(/CTj H-ir/j— IP'p 

Fpvyc(100 -y IFi) 

Gi 

D = K {W[ — W,) (597 - 0,560,^4- ); 

= 1004.3 -f IF 


(8) 

( 9 ) 

( 10 ) 

( 11 ) 


^^HHefiHoro ypaBHeniin nepBoro 
riopnaka (8) mo>kho npe;icTaBnxb HHxerpa.xbHUM ypaBHeHiie.M 

H=exp( — j p(-)ti-j[Jt7(t)expfJp(T)dTjrfT + c], (12) 

rap 




Bexp(K-) 

Ad exp (K-) -hlFj— IF 


(13) 


Sanitized Copy Approved for Release 201 1/02/23 : CIA-RDP82-00038R001 700080004-3 




Sanitized Copy Approved for Release 201 1/02/23 : CIA-RDP82-00038R001 700080004-3 



K orpaooTaBuie.M}- cymiMbHOMy arenry npopBaBiiiiixcH Heoxaa>K- 
aeHHbix rasoB pacMeTHbifi TeMneparypHbiH nanop b nceBjioojKH- 
>KeHHOM Moe. onpejieJiHeMbifi jta>Ke na ocHosaHUH ToqHwx aaiwe- 
pOB Texinepaxyp b SKcnepuMeHTe, ;toji>KeH 6biTb b necKOJibKO pas 
oo.ibme AeiicTBHxe.TbHoro. EcxecxBeHHo, qxo no^icquxaHHbie no 
nojiooHO.My KaiKymeMycn pacnexHOMy xeMnepaxypHOMv Hanopv 
K03(j3(pHUHeHXbi xen.xooS.AieHa BBJintoxcH ycjiOBHbixm BejinqiiHaMH 
saHiiHveHHbiMH Hyxb .Tin He Ha nopnjiOK no cpaBHeHnio c JiencxBii- 
xe.ibHbiMH a. ■ 

Hs CKasaHHoro mojkho cjie.naxb BbiBo;i, nxo aa>Ke b npimmine 
HeB03M0>KH0 iio.TiyHHxb xonHbie saBHCHMocxH a.xH pacnexa cpea- 
Hero xe.MnepaxypHoro nanopa n Koscfn^nmieHxa xen.Tioo6- 

MCHa a npiiMeHuxe.xbHo k peajibHOMy nceBp.oo7KHH<eHHOMy c.xoio 
-THcnepcHoro Maxepna.Ta, xeM Sojiee BJiamnOro. C apyroH cxopo- 
Hbi, yniixbiBan, nxo npn j^ocxaronHo paBHOMepnoM rasopacnpejte- 
.leHHH H cooxBexcxByK)in,eH narpysKe .Maxepnajia na pemerKy 
rasbi, Bbixoanmne H3 nceB;ioo>KH»<eHHoro cjioh, iiMeiox xeMnepa- 
xypy, oaiisKyio k xeMnepaxype Maxepiiajia b c.xoe ^2 = © [3, 5], 
n MOHiHo Becxn pacnex xen.TooSivieHa b npouecce cyujKH, He snan 
BeniiMHHbi a H Aj' ^p, a nonbsyncb cxaxHqecKHM Sa.xaHcoBbiM oac- 
nexoM. ^ 

Ecjih npHHHXb HarpeB nacxHu 6e3rpaj;iieHXHbiM, a xeMnepa- 
xypy MaxepHajia o;i,HHaKOBOH b oj^hh h xox Hce MOMeHx no BceMy 
oobCMy cjiOH [1], ypaBHeHHe xenjioBoro Sa.saHca nceBn,oojKHJKeH- 
Horo CJIOH BJiajKHoro Maxepnajia npiiMeHiixe.ibHo k npoueccy ne- 
pHojHinecKOH cyuiKH gy^ier H.Aiexb c.iejiyiomHH bhji: 


^ dS „ 

Gr„ ■— = Epc>Yc(/, - 


-B)^- - 


cJW 


(100 - U”) d- 


dQ, 

d- 


( 1 ) 


HaMH paccMaxpHBaioxcH ocHOBHbie saKOHOMepHocxn Harpesa 
B.iajKHoro Maxepnajia b HanOojiee xapaKxepnoM BxopoAi nepnojie 
cyiuKii, Koxiia c ^locxaxonHOH ;i.ih HHJKeHepHbix pacqexoB xoq- 
Hocxbio MOyivex Obixb npiiHHx c.Tieri 3 ’iomiiH saxon iiSMeneHHH cko- 
pocxH cyuiKH: 


dW 

d~ 


= /C(lE;-irp)exp(— A'x). 


(2) 


npH 3TOM 

^ -h — \V^) exp {— K-). ( 3 ) 

BupasHM SHaqeHHH Beca G h xenjioeMKOCTH MaxepHajia c 
.TiioGoro Mo.MeHxa BpeMCHH x: " 


G = Gi 


100 + 
100-f\l?^i ’ 


(4) 




W 


100 \r 

IOOq.b ^Ep + (1E; exp {~Kz) 

1 00 + w 


(o) 


Obixb onpe;ie.TieHa no oiejiyHomeft npnoanHceHHofi iopMy:ie:^^'' 
r = 597 — 0,56 0,p -f 

Be.inqiiHa mojkox OKasaxb sa.MexHoe B.iiiHHne na xen- 

•lOBOH oajianc cymrmbHoii ycxaHOBKii npn mvooKoii cviuKe m-i- 
xepHajioB ;io Ma./iofl ocxaxoqHofi B.7iaHv-Hocxn. ' ' 

ComacHO [1], mojkho npiiHHXb 

dz 


~-Q:.G,. 


(7) 


n = I'cxojHoe ypaBHeHiie ( 1 ) 

I cooxBexcxBviomHx npeoOpasoBaHHfi no.ivqae.vi 


dB 


J-0 


B exp {K t ) 


d- ‘ Mqxp(K-)^ W'i — lEp 

5 f ( 1 00 + W,) j ex p - D 


M exp {K -) W'l 

B = 


fpV'[c(l00 


D = /C(r; — Wp)(597 — 0,56e,p-f 
vM = lOOE „ -4- U/’ 


( 8 ) 

(9) 

( 10 ) 

( 11 ) 


.iHHeftHoro vpaBHeHiia nepBoro 
nopH^Ka (8)MoavHo npe;icxaBHXb HHxerpa.ibHbiM ypaBHeHiie.M 


r;ie 


H exp( j y^(-)dTjj^J^7(-)expj' f ( 12 ) 


P(-) -- 


BexpjK -) 


~MexpiK-) -f-w; 


(13) 
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Ha rasopacnpeAe.TiiTenbHyio pemeTKy, a xaKH^e HaqajibHOH B.iaav- 
HOCTbio II ocHOBHbiMii cBOHCTBaMH iiccjie^tyeMoro MaTepiia.ia kqk 
oS-beKxa cyuiKn. npiiBejeHHoe vpaBHeHiie HBanexcH npii6.xiiHveH- 
HbiM, npiineM oxKjioHeHiie pacqexHbix aHaqeHiiH xeMnepaxvpbi 
B.ia>KHoro Maxepiia.xa ox jieftcxBiixejibHbix b 6o.xbmoH cxeneHii 
saBiiciix ox -xapaKxepa npoxeKaHna npoiiecca cyuiKii n ox xoro, 
HacKo.xbKo XOMHO KpHBaH CKopocxH cyuiKH B nepiiojie najiaiomefi 
CKopocxii onncbiBaexcH ypaBHeniieM (2). HawMii c.aoBaMii, no- 
rpeuiHocxb npe^JiaraeMoro Mexojia onpe^ejinexcn xe.M, nacKo’ibKo 
ciijibHo B.iHHex HBMeHeHiie BJiaroKo^^J^^HmieHXOB ii yca/tna qa- 
cxim (a c.iejioBaxejibHO, ii HSMeneHne K034)cJ)HHHeHxa' cymKii A') 
Ha iiBMeHeHiie xeiunepaxyphi Maxepnajia b npopecce cyiuKii. Ho- 
3xoMy pacqexa KiiHexiiKii HarpeBa b nceBaoo>Kn>KeHHOM c.qoe 

MaxepiiajioB no ypaBHeHiiio 
(23) Becb npouecc cyiiiKn b nepiio7i,e najiaKDiJneH CKopocxii Heo6- 
.xoj,iiMo pa36iixb Ha HecKOJibKo pacqexHbix yqacxKOB xan, qxo6bi 
Ha npoxHH<eHiin Kan^joro s.xeMeHxapHoro oxpesKa BpeMenii B.xa- 
roK03cj)(|3HmieHXbi ii pasMepbi qacrim mohvho 6buxo 6bi cqiixaxb 
nocxoHHiJbiMH [4], ripi! 3XOM, oqeBM/iiio, A BO BpeAia npouecca 
iiBMeHaexcH CFvaqKoo6pa3Ho b saBHciiMocxii ox H3MeHeHiia B.iajK- 
HOCXII Maxepiiavxa npii nepexojie k KajK^OMy noc.xeaviomeMV pac- 
qexHOMy yqacxxy npopecca. 

TaKHM oSpasoM, SHan saKOH HSMeHCHHH onbiXHoro Koadothn- 
mienxa cyuiKH ox Bvia>KHOCXH MaxepHajia K = f{W) n npiiHUMan 
Ka}K;ioro pacqexHoro yqacxKa ero Bejinqiiny nocxoHHHofi 


II paBHOH A' — 


1^5— ir; J 


f{W)dW, MoiKHO paccqiixaxb c xa- 


Koft yro^Ho xoqHocxbK) KHHexHxy Harpesa BbicoKOBjia>KHoro 
jo.xrocoxHymero /iiicnepcHoro MaxepHajia b nccBjuooaciiiKeHHOM 
CTioe (iio npe;tejibHO ;i,onycTHMoft xeMnepaxypbi) MexojioM no- 
CJiejiOBaxejibHoro cyMMiipoBaHHa npiipocxos xe.vinepaxyp, Bbi- 
qiiCvxeHHbix Ka>Kii,oro hs pacqexHbix vqacxKOB no d)OD- 

My.ie (23). " ^ ^ 

ripix pacqexe KiiHexiiKH npoiiecca paaSuBKa Ha oxjiejibHbie 
30Hbi (pacqexHbie yqacxKH) Heo6xoaHMa n b xom cjiyqae, Korjia 
npopecc cyuiKii xepM07ia6HJibHoro Maxepnajia ocymecxBjinexcH no 
cxynenqaxoAiy pew^HMy c nocxeneHHbiM iisMeHeHHeM b KaJK^on 
nocjieayioiHeH aone napaiwexpoB cyuiHjibHoro arenxa [9]. 

Heo6xojiiiMocxb npoBeneHiiH nponecca cviukh no cxynenqa- 
xoMy poKHMy MOHvex 6bixb Bbi3BaHa He xojibKo H3MeHeHHeM npe- 
^enbHo .xonycxHMOH xeMnepaxypbi xepMoqyBcxBHxejibHoro Maxe- 
pnajia no Mepe CHH>KeKHH Bna>KHocxH, ho h ycajtKoft qacxim 
B nponecce cviukh, a cne;ioBaxe,xbHo, ii yMenbuieHiieM onxiiManb- 
HOH cKopocxH nceBji,oo>KH>KeHHH II X. ;i. " 


npejnoHceHHan MexojHiKa npiiSniiJKeHHoro pacqexa KimexiiKH 
nporpeBa BnancHoro Maxepnana b nceB;iooH<H£eHHOM cnoe mo 
H< ex obixb HcnonbsoBaHa jiJin pacnexa BpeMenii narpeBa xepMo- 
qyBcxBHxe,nbHoro Maxepiiajia b npopecce nepiioAiiqecKOH cyujKii. 

06o3HaqeHHfl 

h, ^2 — cooxBexcxBeHHO xeMnepaxypa nocxynaiomero h bh- 
xoiiHmero 113 cnoH cymH,/ibHoro arenxa; o'; y; c— cKopocxb 
yAejibHbiH Bee ii xennoeMKoexb cymiwbHoro arenxa- F ~ njio- 
ma^b ra3opacnpeAe,XHxejibHofl pemexKii; G — Bee ’ Ma'xepna la 
npH MaiKHocTH r; 0 - TeMnepaTypa MarepHaaa; T-lp"™ 
Cc.B— TenvXoeMKOCTb eyxoro BemecxBa; Wl; cooxBex- 

exfienno Haqa,/ibHaii, npHBe^tennan KpnxiiqecKaH n paBHOBeenan 
^ — xenjioxa napooSpasoLniin; Q 5 — 
® OK-pyjKaiomy.K) cpeAy B eAHHimv BpeMenn, oxne- 
cennwe k e^nnime Beea BbicymiiBaeMoro MaTepnajia; A— K 03 (b- 
(Jinmienj eyiuKii, onpe;i;ejiHeMbiH SKenepH-MeHTajibno- ©„o — cpeii- 
HHH xeMnepaxypa Maxepna^xa sa epeMH x; -cpeineniixt 

Baa>KHOc™ %Hepr„a CBaaa 
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.7. A', BACAHOBA, H. If. CbIPOMfITf/J/KOB 


O METO;i,HKE OBPABQTKH OnblTHblX AAHHbIX 
no TEnjlOOBMEHy ME>KAy HACTHU.AMH M EASOM 
B nCEBAOO>KH>KEHHOM CJlOE 


MHoriiMH Hcc^eAOBarejiHMH OTMeqajiocb Hajiiiqiie aKTHBRoii 
30 Hbi B nceBAOoa<HJKeHHOM Cjloe [ 1 , 2 ], o^iHaKo ee pojib b renjio- 
o 6 MeHe yqnTbiBaeTCH ne Bcer^a. r[o HacTonmero BpeMenn o 6 pa- 
6 oTKa onbiTHbix j,aHHbix no TenjiooSMeHv Me>K;i,y qacTimaMu n ra- 
30 a\I B nceBJ,OOJKH^<eHHOM CJIOe npOH 3 BO;iHTCH JtBVMH MeTO^aMH. 

rio nepBOH AieTop,HKe npii onpe 7 ;ejieHHH K 03 (J)(^HmieHTOB xen- 
7 O 0 Tj.aM]i 3 a TeMnepaxypHbiH nanop npiiHiiMaexcH pasHocxb 
Ay xcMnepaxypoH qacxHu,, oSbinno paBHofi xeMnepaxvpe rasa na 
Bbixo;ie, It cpeji,HeHHxerpajibHoft no Bbicoxe c^toh xeMnepaxvpoii 
raaa [3 9 ]. B 3 xom c.nyqae j'mixbiBaexcH peaabHoe pacnpe;i,e»Te- 

Hiie xeMiiepaxyp b c.ioe. 

rio p,pyroH .Aiexoj,HKe npn pacnexe K 03 (J) 4 )HmieHX 0 B xen.ioox- 
,xaMn HeymixbiBaexcH aeHcxBiixenbHoe pacnpe;i.e.aeHiie xexinepaxvp 
B cjioe 11 npiiHHMaexcH cpe^tHeapiicjiMexHqecKHH [ 10 ] iiaii cpe;i,He- 
norapinJiMiiHecKiiH [ 1 , 11 ] xeMnepaxypHbift nanop, Koxopbift oxno- 
cnxcH 1 ^ noBcpxHocxn Bcex qacxim oea Bbi^ieneHun aKXHBHon aoHhi 
xerLioo 6 MeHa. Hpii sxom KoatJitJnmHeHxbi xen.xooxjann no.xvna- 
loxcn Ka>KymiiMHcn. 

Paa.inniie b Mexon.iiKe oOpaOoxKii npiiBoanx k paa.TiiMHOMv 
bnay KpnxepiianbHHx ypaBHeHiifi. 

B nepBO.M c.iyqae KpHxepHa.'ibHbie ypanneHUH iiMeiox Bn;i 

i\u = c Re", 

BO BxopOM c.xyqae 

Nu = rRe"(-^ )'”Fe'^. 


ypaBHeHHB Ka/Kyuiiixcn 3HaqeHiiH ox,xnqaioxcH ox ypaBHenun 
n,Ji5i oObiqHbix Koa^x^nmieHxoB xen.xooxaaqii xeM, qxo BKJiioqaiox 
B ceOn oxHomeHne Bbicoxbi neno^lBiuKHoro cjioh k 3KBHBa.ieHx- 


HOM\ aiiaMexpy qacxim | j, nnane roBopn, nosepxHocxb qacxim. 

XapaKxepHo, qxo Ka>KymnecH K03(|>(})HmieHXbi xennoox;iaqn npn 
ojxHoM II xo.M >Ke riip,po,iiiHa.MiiqecKOM peTKiiMe yMenbiuaioxca 
72 


c yBe^inqeHiieM Bbicoxbi sacbinKii ii b npea,e,ie npn 6ecKOHeqHo 
ooabuJOH Bbicoxe cnoH cxpeMBXCH K Hynio. B aeftcxBiixejibHOcxii 
vKe c yBeniiqeHiieM Bbicoxbi cjioh npn HenaMennoM rnp.po7,nHaMn- 
qecKOM pe>Kii.Me CHn>KaexcH ne K03(^(|)iimieHx xennooSMena Me}Ka.y 
raaoM ii qacximaMii, a peawo CHii>KaexcH b Bepxniix qacxnx cjioh 
xe.MnepaxypHbiH nanop [ 12 ] n, caeAOBaxejibno, KoanqecxBo nepe- 
AasaeMoro xen.xa. X[aHHaH Kapxiina aHajiornqna xenaooOMeny 
B BbicoKiix nenoABiiJKHbix CJIQHX, rjxe iiMeexen xojiocxan aona [13]. 

rionbixKii oxaejibHbix aBxopoB oO-bncnnxb yMenbuieHiie Ka>Ky- 
miixcH aHaqeniiH Koacfi^JimHeHxoB xen.xooxjiaqH c pocxoM bhcoxh 
H enon,Bn>KHoro cnoa yBe.7inqeHneM Ko.TiinecxBa ii pasMepoB raao- 
Bbix nyabipeii ii yxyAUieniieM KonxaKxa qacxnn, c raaoM nejiban 
npnanaxb y 7 ,OB.xexBopHxejibHbiMn. Ochobhoh npiiqiinoft najieHiiH 
Ka>Kymnxc5i u c bmcoxoh neno/iBii^KHoro cjioh moh{ho cqnxaxb 
yBejiiiHenne npn 3 xom nacciiBHon aoHbi xenjiooOMena. 

Be-xiiqiina aKTiiBHon aonbi ne aaBiicnx ox neca aacbiiiKii npii 
o^nnaKOBOM pacxoAe raaa. Ocxajibnan qacxb cjioh paOoxaex ne- 
3(f)([>eKxnBHo n MO/Kex 6bixb ncKaioqena npn paccMcxpennii npo- 
necca iiepenoca xenaa. 

BcjiejlcxBne paaanqnoro no 7 ;xoAa k openKe xeMnepaxypnoro 
nanopa paccqnxanHbie no onwxnbiM pannbiM ananennH ko 34 ) 4 >h- 
mienxoB xenaooxpaqn onaabiBaraxcH b necKO^xbKO paa Bbime na- 
>KymnxcH ananeHiiH. 


KpOMe xoro, BBeAeniie ciiMn.ieKca 



B KpnxepnajibHoe 


vpaBHenne xen^xooOMeHa ncKJiioqaex B03M0>KH0cxb ncnojibsoBa- 
HiiH ero A^H npaKXHqecKHx pacqexoB, xan Kan sxox CHMnjieKc 
ne HBHHexcH nesaBHCHMUM. 

npiiHunmiaAbHoe paajinqne MejKAV axuMii AByMH K03(J)(i)HU,H- 
enxaMii xenaooxAaqu noKa>KeM na npuRiepe nainero nccae^oBa- 
HHH [3, 4], Ho OAHiiM II xeivi nee onwxnbiM AanHbiM noHyqeno psa 
KpnxepnaHbHbi.x ypaBnennH. 

JIjih Kos^xJsnnneHxoB xenjiooxAaqn, paccqnxanHbix no cpeAwe- 
iiHxerpanbHOH xeMnepaxvpe raaa, nojiyqeno ypaBnenne 


J\u = 0,316 Re'J-s, 


( 1 ) 


KoxopbiM .Mbin peKOMeHAOBajiH no.xbsOBaxbCH b npeAe.xax qnceji 
Re ox 40 AO 500 . • 

Kan BiiAHO, vpaBHenne ( 1 ) ne BKAioqaex b ceoH ciiMnjieKx 
X. e. He HBHHexcH neonpeAe.ieHHbi.M. 

Zlpyroe ypaBnenne a-ih KaiKymnxcH K:o 3 (}D(]nimieHXOB xen- 
■looO.MeHa iiMeer bha 

i\Tu= 0 , 37 Re . ( 2 ) 
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E. A. KA3AK0BA, B. M. JUHUMH 

H3MEPEHME TEMnEPATyPbl EASA 
B nCEBAOO>KH>KEHHOM CJlOE 

Oahom II3 npiimiH pac.xo/KjieHiiH SHaneHiiH K03{J)(|>nuiieHTOB 
Ten.ioooMeHa Me>i\.ny ^acTniiaAiH ii cpeTioii b nceB3,oo}KH:HxeHHOM 
c.ioe, onpejieJiHe.Mbi.x pasjiimHbiMH iiccjiejiOBaTejiHMH [1 — 10], hb- 
nHCTca HcnojibsoBaHne pasHbi.x mbto/Ijik b onpeTtejieHiiii xeMnepa- 
Tvp cpeAbi H MarepHajia. O.HHii saMepajiii TeMneparypy c no- 
-MouibK) xep.Monap, cnaH Koxopbix samiimajiHCb ox KacaHna 4 a- 
cxim npoBOjio4Hoii [1] hjih KanpoHOBou [2] cexKoii, jpyxHe [3 — 10] 
npu.MeHfljiH xepMonapbi c o6Ha>KeHHbi.M cnae.M, a HeKoxopbie hc- 
cjie;iOBaxejiH [2, 5, 7] nojibsoBajiwcb npococHbi.Mii xep.MonapaMH, 
no.AieuneHHbiMH b cnepHajibHbifi sohji. 

B6vXH3h raaopacnpejieJiHxeJibHoik peuiexKii naxoAnxca anxiiB- 
Han 30Ha xenjiooo;\i6Ha, Bbicoxa Koxopoii saBiicHx ox cKopocxii 
(])HJibxpaunH, Ana.Mexpa ii njioxHocxH Maxepiiajia qacxHu h ra30- 
pacnpe;ie,XHxejibHoro ycxpoi'icxBa. CoxJiacHO HccJiejUOBaHHaivi [2, 3, 
6 — 10], Bbicoxa 3XOH 30Hbi nopHTiKa ox 2 ;io 20 mm. 

HaMii npoBej,eHbi cneujiajibHbie onbixbi no conocxaB^ieHiiio 
3HaqeHiin xe.Mnepaxypbi, iiBMepaeMofi aamumcHHofi (npococHofi 
n HenpococHoft) xepMonapoii ii xepMonapoft c o6Ha5KeHHbiM 
criaeM, B oKo.iopeuiexoHHon 30He nceBaooHxiOKeHHoro cjioa b yc.io- 
BiiHX ycxaHOBiiBiiierocH pe>KiiMa xen.ioooMena npii nenpepbiBHOM 
BBo;ie B cjioH II BbiBOTie 113 Hero o.!i,Horo h xoro Hve KOJinqecxBa 
-Maxepiiaaa. Onpe;iejieHO xaKHce BjiiiHHiie CKopocxii npococa Ha 
noKaaaHiiH aamiimeHHoii xepMonapbi. 

B 3Kcnepii.\ieHxa.x iicno,^ib30Ba,iHcb xiejib-KOHcxaHxaHOBbie xep- 
Monapbi c xo^xiiiHHOH npoBOt^iOKii 0,1 MM. 3aminu.eHHaH xepMo- 
napa Obi.ia noMeuieHa b 3oh;i, aniiHoii 100 mm h BHyxpeHHiiM 
ana.MexpOM 1,0 mm . Topeu aoH^a oicneeH xohkoh KanpoHOBofi 
cexKon. 

B KaqecxBe raaopacnpeAe.Tiixejieft iicnoMbaoBano HecKO.ibKO 
xiinoB pemexoK (cm. xaSjiimy) . -Mexaji^xiiqecKiie pemexKii He 
obmii iicnojibsoBaHbi H3-3a cxpeMneniiH ii36e>Kaxb snaqnxejibHoro 
BxojiHoro 3(^(J)eKxa. 

Fopiimie cnaii aamHiueHHOH ii ooHaTKCHHoft xepMonap 6biaii 
yKpenaeHbi na ojHHaKoBOM ypoBHe ox pemexKii ii Haxoj,iMiicb 
B oaiiHaKOBbix xeMnepaxypHfaix ycnoBiiax. 
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XapaKTepHCTHKa 


T a 6 .7 ji u a 

ra3opacnpe.ieaMTe.ibHOM pemeTKH 


ZlBy.xc.TOih-jbiii 

caxnH 


9.3 

4.6 

3.2 


•"'•u 

1 .0 

20 

1 0 . ti 

5.0 

2.0 

1.0 

'2,0 

0 

10.0 i 

] .0 I 

2.'o 


~ 1 

1 .0 


I I I I I I I I I I I I , ripii pa6oriGH CKOpoCTH 0 46 

mIcpk- /7.-. n ooc ' , 


«^JvupuCTH U,4b 

M/ceK (ec',.p =0.335 M/ceK) 
H pemeTKe (run ] ) o6- 

HapVTKeHO B.TIiaHlie CKOpo- 
CTM npococa Ha paccroa- 
Hiiii ,1,0 2 3 MM OT peuiex- 

KH. 3oHa aKTiiBHoro xen.io- 
oS.MeHa B 3XOM onbixe co- 
cxaBnaoa 8 mm npn buco- 
xe nceB;ioo>Kii>KeHHoro c^ioa 
67 MM. Hpii 3XO.M xopeu 
, I 30H;ia aa^iimcHHOH xepjvio- 
napu 6bLi vcxaHOB.aeH 
.Me>KMy oxBepcxiiaMH pe- 
mexKH n sohj riepeMema.i- 
CH no Bbicoxe c noMoiubio 
MHKpo.MexpimecKoro BiiHxa. 

Kan BiUHo 113 piicvHKa. 
Te.Mnepaxypa, iia.MepaeMaa 
ripococHofi TepMonapofi 
(KpitBaa d). cxaHOBHxca 



Pl 3 .MeJieHiie TeMneparypti Bosijxa 
Hoii 30 He TenjiooS.MeHa- 

aamiimcHHaa xepMonapa; <5 — iienpj- 

=C,.6S5.„.«, , , 1 cKopomI 

noKaaaHHjr aauuimeHHott rep.Monapbr, vcTaHomenKofi 
Han Tcin™- 

naa Ttp.Mjnapa, — nenpococHaa; a — TcvnenaTvm 
>iacTnu B cjiou (a-. = 0.9 


■ tKpjiBaa Of. cxaHOBHxcj 
Heirs.MeHHOH npn ,iocxn>Ke 
aKTJIB- HHH cKopocxij npococa 


paBHOH CKOPOCXH B03J.y.\ci 

B npoMe>KyxKax Me/Kav'na- 
cxHuaMii (c^Vp =0,9 M/ceK}. 
TaM >Ke npeacxasaeH rpa- 
(|3irK na.AieneHiia xeMnepa- 
xypbi Bosayxa no Bbicoxe 

CKopo^L^rTcoc'”’ /epMoTapu 

^ B03a\.\a noaj.ep>KnBa.Tacb paBHofl CKopocxn no- 


TOKa B npoMe>KyxKa.\ Mex^iy iacxima.Aiii. Ha Bbicoxe jo mu or 
pemexKii xe.Mnepaxypa, iisMepaeMan HenpococHoii aamiimenHoii 
TepMonapoH, npaKxnnecKi. ne MeHaexca Bc.ieacxBiie xoro, Hro ua 
3XOH Bbicoxe npoiic.xoanx 3a.ie>KiiBaHne Maxepiiana na pemexKe 
^ 3TOH npiipemexoHHOH SaCXOIlHOH 30He 
npaKxiinecKii He o6;iyBaioxca raaoM ii xennooO.MeHa 
” ^acTimaMii nonxii ne nponcxo.liix. Ha Bbicoxe 6o- 
J Ha.iHHiie ii.iii oxcyxcxBiie npococa ne CKaabieaexcH 

Ha noKaaaHHHx samiimeHHOH xepxionapbi. B xo >Ke Bpexin oona- 
HvCHHan xepMonapa na npoxHHxeHiiii Bceft aKxiiBHoft aoHbi xenno- 
ooMena noKasbiBaex oo.xee HiisKyio xeMnepaxypy no cpaBHeHiiio 
c sauHimeHHOH, jaHce ec.iii nepea sauiiimeHHvio xepMonapv ne 
iipocacbiBaexcH Bosayx. ' ^ 

^ ”3MepaeMaH xepMonapon c oOHaHceHHbiM 
cnaeM (KpiiBan e) , .ie>Knx b nHxepBa.xe Me>K 2 i.y xeMnepaxypofi 
B03.iy\a. iia.MepsieMof! sauiiimeHHOH xepMonapoft. n xexineDaxv- 
HSMepneMOH xep.MonapoH c o6Ha>KeHHbiM 
cnaeM b momghx ocxanoBKii c.ioa. CHe.ioBaxeHbHo, b aicxiiBHoii 
30He xenaooOMeHa xennepaxypa, saMepneMan o6Ha>KeHHOH xep- 
MonapoH, noKaabiBaex cpeiHioio xeMnepaxvpv choh, a ne xeMne- 
paxypy raaa b CHoe. 

Bbime soHbi anxiiBHoro xen.iooOMeHa xeMnepaxypa, HSMepne- 
Man o6Ha>KeHHon ii aaimimeHHon xepMonapaMii, oanHaKOBa no- 
CKO.ibKy npaKxiiMecKH ;iocxiiraexca xen.ioBoe paBHOBeciie Mencjiv 
raao.M, Bbixo3,HuxH.M 113 c.ioa. ii HacxnuaMii choh. 

AHaHoriinHbie peay.ibxaxbi ObiJiii nojiynenu na npyriix pemex- 
Kax (Tiinbi 2-4). oaHaKo npii yBeHimeHHH mara pemexKii Bbicoxa 
sacxoHHoii 30Hbi HGCKo.ibKo yBe.iiiHHBaexcH. TaK B onbixe na oe- 
uiexKe (xim 4) 3xa sona cocxaB.inex 4—5 mm. Bbicoxa npiipeme- 
XOHTOH aacxoHHOH 30Hbi He BaBHCHx ox CKopocxii dnijibxpamiH 
Ha piicyHKe npnBe;ieHbi peay.xbxaxbi onbixoB (e— 3 ), b koxo- 
pwx B KanecxBe xaaopacnpejieHiixeHH ircnojibaoBaH jiByxc.ioHHbiH 
caxiiH. PasHima noKaaaHiiii npococHoft ii nenpococHofi xepMO- 
napbi HaxojiixcH b npeje.xax xohhocxii iisMepiixe.ibHbix npnSopoB. 

06o3HaHeHHfl 

CKopocxb Hana.ia nceB.loojKHiKeHHH; uy^ — CKOpocxb 
B03;i,yxa b npoMeacyiKax MeiK.iy HacxHuaMH; ay* — ckodoctb 
^H. ibTpauHH; ^wa.Mexp nacxHu; p^ — hhoxhocth qacTH^; 

^ ~ paccxoHHiie ot pemexHn p;o cvioh xepMo- 

nilTEP ATyPA 

.Vo 9 1 ■ 1949^ e V a . .M. e i n t r a u b , .M. G r u m 111 e r. Chein. Eng. Progr. , 45 . 
VI, My3b.MeHKo. Hc1>>k, 
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. 4 . n. BACKAKOB, B. M. nAXA.iyEB 

O BERTH KAJIbHOW TEnJlOnPOBOAHOCTH 
KHn^lUETO B HACAAKE CJlOH 

B HacTOJimee spe.MH oTCVTCTByioT AocraTOMHo Ha.ie>KHbie sa- 

BiicHMOCTii j.na 34)(j)eKTiiBHoro K03(f)4)imHeHTa Ten.aonpoBOAHOCTii 

>.3,j, Kun^mero cjiob. Bee iiMeHomnecH onbixHbie jiaHHbie [1, 2. 4, 5], 
vKasbiBaiOT na qpesBbiqafjHO 6o.ibmne SHaqeHiin a 3^ HesaropMo- 
>KeHHoro Kunamero c.ion, bo bcjikom cjiyqae b BepTUKa.ibHOM Ha- 
npaBJieHiiM. FIpn raKii.x SHaqeHiiH.x nepeMemiiBaHiie b Kiing- 
meM c.xoe npiiH^xo cqiixaxb npaKxiiqecKii Hri;eajibHbiM, x. e. pea- 
.inaauHH npeiiMymecxB npoxiiBoxoKa Me>Kjty nceBAoo>Kii>KaiomiiM 
areHxoM n nceBAOO>Kii»ceHHbi?ii MaxepnajiOM npaKxiiqecKii ho- 
bos .mo>kh a. 

Oahhm IIS Mexo.TOB y.xyAuieHiiH nepeMemiiBaHiiH Me.xKOsep- 
Hiicxoro Maxepiia.xa HB.xaexcH npuMeHemie Kiinnmero c.ioh, sa- 
xopMOTKeHHoro, B qacxHocxii, HacaAKOii 113 ctJiepiiqecKnx qaexim. 
AaHHbie no onpeAeAennio /. 34 , b xaniix vc.iobhhx hbm ne nsee- 

CXHbl. 

BepxHKavibHbiH K034)(|)imneHT xen.ionpoBOAHocxii Kiinnmero 
cnoH r.xiiHoseMa c pasMepoM qaexim ox'50 .so 100 p iisyqa.xcn 
HaMii B xpy6e ns opraHiiqec.Koro cxeK.xa BHyxpeHHiiM snaMexpoM 
43 MM n Bbicoxoft 2000 mm. no/isep>KnBaioman pemexKa 6bma 
BbinojiHOHa B BiiAe minxbi c oxBepcxnHMii 0 3 mm 11 h^iibbim eeqe- 
Hne.M 19 7o. Ha Bbicoxy 460 mm ox pemexKii xpy6a gbiaa sanos- 
nena nacajiKou ns (|Dap(J)opoBbix iiiapoB siiaMexpoM 7 — 10 mm. 
Bbime HacaAKii pacnosarajicn sjieKxpnqecKiiH HarpeBaxe.xb. Ko- 
anqecxBo roiiHosexia, sacbinaoMoro b xpy6y, Bbionpa.xocb iis 
ycsoBiiii, npn Koxopbix rpanima Kiinnmero cjion npn sa^aHHon 
CKopocxii nceBsoo>Kn:n\eHiin 6bma Bbime Bep.xneii rpaHimbi narpe- 
Baxe.xn. Ho Bbicoxe xpyObi na pacexonHim 100 mm .spvr ox Apyra 
pacno.iojKeHbi qexbipe xepMonapbi Ann saMepa pasnoexn xeMne- 
paxyp B AaHHOH xonKe Kiinnmero CAon ii BosAyxa noA pemexKoft. 

Panee Obiao noKasano [5, 6], qxo Kiinnmnn caoii i\io>kho npoA- 
cxaBAnxb B BiiAe AByx n<iiAKocxepi, npoHiisbiBaiomiix Apyr Apyra. 
OAHa na hii.x — nceBAOonginoiomnn arenx, sanoAHniomnn nopbi 
MejKAy qacximaMii, a Apyran — coBOKynHoexb nceBAOo>KnH<eH- 
Hbix qaexim, Koxopwe eAyn-eax anaAoroxi MOAenyA HviiAKoexii iiaii 
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. 4 . n. BACKAKOB. B. M. HAXA.iyEB 

O BEPTHKAJlbHOW TEnJlOnPOBOAHOCTH 
KHn^lUEFO B HACAAKE CJ1051 

B HacToamee BpeMJi oxcyxcTByiOT AocxaxowHO Ha.xe/KHbie 3a- 
BiicHMocxH , 1.1 R 3{|)(i)eKX]iBHoro K03(|)(J)imneHxa xen.ionpoBoj.Hocxii 
/•a^, KiinRiuero cjioh. Bee nMeiomnecH onbixHbie aaHHbie [1, 2. 4, 5], 
yKasbiBaiox na ^ipesBbiqaflHO So.ibiuiie SHaMeHiiR nesaxopMO- 
/KeHHoro KiinRinero c.ior, bo bcrkom cjiyqae b BepxiiKa.ibHOM na- 
npaBjieHiiH. ripn xaKii.x SHaqeHiiR.x nepeMemiiBaHiie b Kiina- 
meM c.ioe npiiHRxo cmixaxb npaKxiiqecKii HAeaJibHbiM, x. e. pea- 
.iH3au,HR npeiiMymecxB npoxiiBoxoKa Me>KAy nceBAOo>i<na<aiomiiM 
areHxoM h nceBa,oo>KH>KeHHbiM MaxepiiajiOM npaKximecKii He- 
B03.M07KHa. 

Qahiim II3 MexoAOB y.xyAiueHiiH nepeMeiuiiBaHiiR Me.xKOsep- 
Hiicxoro Maxepiia.ia RB.iHexcR npiiMeHemie Kiinyiiuero c.i05i, 3a- 
xopMO>KeHHoro, B MacxHocxii, HacaAKOH II3 c^iepimecKiix qaexim. 
AaHHbie no onpe.ie.ieHiiio a b xaKiix vc.iobhrx naM ne iisBe- 
CXHbl. 

BepxHKajibHbiH K03(|)4)iimieHX xen.xonpoBOAHocxii Kiinnmero 
c.ioH r.xHHoaeMa c paaMepoM nacxim ox'50 jo 100 p iiayna.icn 
HaMH B xpy6e iis opraHimec.Koro cxeK.ia BnyxpeHHiiM jnaMexpoM 
43 MM li BbicoxoH 2000 MM. no.iAepjKnBaioinaR pemexKa Obi.ia 
BbinojiHena b BiLie n.inxbi c oxBepcxiiRMii 0 3 mm ii tkiibbim cene- 
HiieM 19 7o- Ha Bbicoxy 460 mm ox peniexKii xpy6a 6bi.xa sano.i- 
nena HacajtKon h 3 4)ap(J)opoBbix mapoB jtnaMexpoM 7 — 10 mm. 
Bbiiue HacaaKH pacno.xarajicn ajieKxpimecKiiH narpeBaxe.ib. Ko- 
.innecxBo r.iiiHoaeMa, aacbinaeMoro b xpy6y, Bbioiipa.iocb 113 
yc.xoBiifi, npii Koxopbix rpanima Kiinnmero cjion npii sajaHHoft 
cKopocxii i!ceBjooH<n}^<eHiisi 6bi.xa Bbime BepxHeii rpanimbi narpe- 
Baxe.XH. Ho Bbicoxe xpyObi na paccxoHHim 100 mm .ipyr ox Apvra 
pacno.io^eHbi nexbipe xepMonapbi jx.ih aa^iepa pasnocxii xeMne- 
paxyp B AanHOH xonxe KiinHiuero c.ior ii Boa.iyxa no,! pemexKOH. 

Panee Obi.io noKasano [5, 6], qxo Kiinnimift c.xoii !\io>kho npej- 
cxaBJiHXb B Blue AByx ^xiuKocxen, npoHiisbiBaioiuiix Jtpyr npyra. 
O^Ha II3 Hii.x — nceBAOo>i^n>i\aioimiH areHx, aano.iHRiomiin nopbi 
Mejiuy qacximaMii, a apyran — coBOKynnoexb nceBAOOHvii/Ken- 
Hbi.x Macxim, Koxopbie c.iy>Kax ananoroM MoaeKy.i jkiukocxii iliii 
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iorra B mho"" *.'’P“-Knpxro$a TpaHc<J>op»,ipv' 

J, o, B pesy.TbTare qero pacnpeTeneHiie TeMneriPTA-n 

Ba:?ca ypTH^e^r o^Hcepaoro cayaaa oLJ- 



BeviHHiiHa B pasHHx onbirax MeH^i.iacb or 0,040 ;i.o 

°™ npHHflTa A.1H Bcex OHUTOB OJllHaKOBOft 
n paBHoii 0,06_. 3to pemeHHe npe;iCTaB,ieHO Ha pnc. 1. 

B cooTBeTCTBHii c (3) usMeHeHiie oespasMepHoii iisobiTOHHOH 
Te.MnepaTvpbi KHnamero c,ioh no Bbicore onpe^tenaeTCH npe>Kiie 
Bcero BennHHHOH OeapasMepHoro napaMexpa n = 2a/I. KOTonbifi 
xapaKTepHsyeT iiHTeHciiBHOCTb nepeMeiunBaHiia MaTepHa,?ia no 

Bbicore. BmiaHiie Ten,rooTa,a- 

7 Tpydbi K OKpy>Ka- 

°L__ — - — ^ ^Biexiy B03a.yxy 6bino B ycjio- 
Biiax onbira HeSo.abiniiM, a to 

08 -— BIIilHO H3 CpaBHeHHH yiByx Kpn- 

/i=1.2 n T. j., onHa 


02)— 1 ^ I 

0.25 0.5 0.75 X 

Phc. 1. HsMeHCHne oeapaa.MepHoii H36bi- 
TotjHoii TeMnepaTvpfai Kimamero b Haca;;Ke 
_ C,TOH no BblCOTC TpvSbi: 

-?-/ «= 1.2: 1,6: 2,1; 2.-i- 3 6: 4 7 - or- 

a e fljij, £C.^ == 0,049; 0.066; 0.099; 0, 1 1; 0, Hs! 



90.^r//v 

K- 




1 





1 




20 











PjiC. 2. SaBHCllMOCTb 34)4)eKTIIBHO- 
ro K03(Jxj)imHeHTa Ten,3onpoBo,a,- 
HocTii OT CKopocTii nceBaooaciijKaK)- 
mero areHTa 


H3 KOTopbix (cnnouiHaa) npoBen,eHa c vneroM TennooTnann, a n;pv- 

noafoMV He Bbl.TO He06xOJHMb- 
CTii onpea;enHTb a c oonbuioii roqHOcrbio. 

® HeKoropbix onbiTax 3HaqeHHH SespasMepHMx 
pa3,T.iiqHbix paccTOHHHHx oT pemeTKH npHBeAeHfai 
nPQ^9 % ■ nonyqeKbi .ann crapHOHapHoro pe>KHMa (qe- 

rpt“z, xf BKOHDqeHHH yCXaHOBKIl) . Oo OnblTHMM TOq- 

KaM B Kaavpo.M cnyqae npoBoproacb ycpepHHiomaH KpHBan, no- 
onpepennno cooTBercTByiomvio paLoMy pi 
^ « cKopocTH'nojzcqiiTbiBajiacb 
rbTxi.li!f raKHM o6pa30M aaBHciiMocrb kosA- 

q) mieHTa y.g^ or CKopocrn nceB3oo>KHHcaiomero arenra nneii- 
craBJiena na pnc. 2. ^ 
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reTVB"o.^OM7»Sv P<=- 

qepes KaMepbi. 3a CTeTpacrnTpemia 
yCxpOHCTBOM, OTKViia mOTHMA^ COOTBerCTByiOmHM 

3LTi„?7;7op“r/~nLr^ 

niqHBiM ogpaso.Ai TpaHcnoDTwiiw^^*^^*^' warpeBaeTCH ii anajio- 
Ten^oHocHTe.X5i b ropH^yio Ka.Me^py. npoMejKVToqHoro 

coKyro“o6-beX«7eMoeMKo7b“77vmec™Se^^^^ ®“' 

n.«ec7„ft 3aTBop'^7e™7 no?oKaM» ooa™ ™^PaB- 

KaMepaen.oo6Me„„„Ka 

HiiKa, a TaKjKe^ s'^n'epeTOTHHV'KaMia^"'^" KSMep Ten.ioo6MeH- 
yiiiTHBaTb. nepeTOBHbix KaHaaax Ma.ia ii ee mo>kho He 

He„L5“rHa” -30B no ce- 

HecKofi nOBepMoCTH Bcex^HacTim ^ro "“Hofl reoMerpH- 

3oft „3 KaMe^p Tr™o6“eHHHKT’ “=^‘>B.aa,omHx nacaaKV b kb*- 

pa3.,epy„ KMmeCTBrx^a^^plfan^'^ oaTiHa kobbimh no 

/- iaKHve npHHHMae.M, ito 


y.^F 




si=S===F-“" 

d^r a F^ 

~ (1) 


HHTerpHpya or 40 /; h ot 0 ao H, nojiynaeM 

- — = — ti 


In 4 




( 2 ) 


reZo^’o?'TonBHfrn’‘T'^'’“’ ®’ wacajK-a BOcnpHHHMaer 

S SaJan^'^enL: 3a„.,caTB caeflyro- 

bCyi Tm ^cji ( I — s) a. F (/^P-W 


rjie k — KpaTHocTb UHpKy^iH- 
UHH, HOC-^- — o 6 T,eM CJIOfl. 

Cpe;iHK)K) pasHocTbTeMne- ^ 
paxyp MejKjiy HarpeBaeMoft 
HacaitKoft H ropsHHM Tenjio- 
HOCHTe/ieM MOiKHO BbipaSHTb, 
KaK 06biqHO, npH nOMOlUH 
cpe;iHejiorapH4)MHqecKofl pas- 
HOCTH TCMneparyp [2J 

= -i^. (4) 

PemaeM CHCxeMv hs vpas- 
HeHHfl ( 2 ), ( 3 ), ( 4 ) OTHOCHTejIb- 
HO ■&/„; 

R = 


(3) 







Phc. 2. HsAieHeHue TeMnepaTvpH HacaaKH 
H Ten-ioHocHxe^ieH no noBepxHocxn xenjio- 
C^.v V (1 ® TenjiooSMeHHHKa 

UHpK7™py°2SefrHa“-’'”™ nceB^0OBc.„KaK,mefl cpe^H „ 

/I = ^ (1 — /?) e-i’q ^0 (1 _ e-b^) ,<^i 

r + (6) 

noaT^M'"'’ "■'’^“^"^^pHoro o6BeMa xoao^Hoft KaMep« 

= (7) 
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Xla.iee, Bceft KaMepbi ox.ia>K;i,eHHH HarpeToft nacajiKu 

Tm ( 1 — ^ — 0 ‘) = a F ('&1 — , ( 8 ) 


K — = - 


ii — tl 


In 


^0-^^ ■ 


(9) 


Pemae.M CHCxe.My vpaBHeHHfi (7), (8) h (9) OTHocHxenbHo 0^: 

~ 1 +R{\ — e- 6 -”) ■ 

Hs ( 7 ) H ( 10 ) HaxojfHM f^: 

1 4/^(1— e-”^) 

Mak'cnMa;ibHaH ii MHHiiMajibHaH TeMnepaxyphi Haca;iKii jierKO 
MoryT 6 biTb HaftACHH hs peuieHHH ypaBHeHHfl ( 5 ) h ( 10 ): 


( 11 ) 


( 1 ~ ( 1 -- ) I 1 -t- ^ ( 1 — 

~ 2 -h /? ( 1 — (1 — — e-b^ — e-'’-- 

^0 ( 1 _ g-/,.) + /^ ( 1 - e-’’^) [I +R(\- e-i'Ol 
" ~ 2^R{1 - e-”^) ( 1 — — e-i>^ - e-f’^ ' 


: ( 12 ) 


( 13 ) 


B TOM cnyqae, Korjxa by = b, ypaBHCHHa ( 6 ), (II) h ( 12 ), 
( 13 ) HecKO.ibKO ynpomaioTCH: 


-f- (1 - R)e-^\ -f -e-j^Cl —e-'^) 
!+/?(! -e-^) 

illR + ii ~ R) e-^] + ( 1 — e-M 

~ 1 -h/?(l —e-b) 

, -/;^fl -h ^(1 — e-M) 


^0 


2-^Ril—e-i’) 

+ ^(1 — f?-*)] 
2 -f R {1 —e-n 


( 14 ) 

( 15 ) 
16 ) 

(17) 


Koraa b = 00 (saKOHqeHHuft TenviooSMen b KaiKAOH- KaMcpe), 
ypaBHeHHB ( 6 ), ( 11 ), ( 12 ) h ( 13 ) npHHHMaioT eme 6 o.Jiee npocTofi 
bh;i: 


1 + R 2 -\-R 

MaKCiiManbHoe KonimecTBO renna b TerinoooMeHHHKe nepe- 
AaercH, Kor;ia 6 ^ 00 . B bto.m c.iyqae ot rasa saOiipaeTCH ko- 
.iHHecTBO xenna 


Qi = 


\17 


2^R 

H nepe;i,aexcH xo.aoj,HOMy Bos^iyxy 
IV’b 




Q. = - 


npii \\7^ = u7^ 


2-f-y? 


(^r — ^b)- 


( 20 ) 


(21) 


Qi = Q. = 


117, 

2 + R 




Ko 34 )(J)imHeHX nonesHoro aeHcxBHH xaKoro xennooOMeHHiiKa 
(ero 3 (|) 4 )eKXiiBHOcxb) motkho Bbipasiixb oxHomeHiieM KOJiHqecxBa 
nepejiaHHoro xenna ox ropaqero xennoHociixe.in xo.xojrHOMy 
K MaKCHMaJIbHO BOSMOHvHOMy: 

"" U7^ (^;!— /^) ■ 

nos;cTaBnB b ( 22 ) SHaqeHiie te hs^ ( 15 ), nojiyqaeM npocxyio 
saBHCHMOcxb s;nH k. n. j,. xennoooMeHHUKa, cocxonmero hs o/t- 
Hoii cxyneHii: 

Kax BHa,Ho 113 ( 23 ), Ha k. n. s.. Tennoo 6 MeHHHKa cymecxBeH- 
Hoe BnuBHiie oKasbisaer KpaxHocxb mipKyjiHunH MaxepHana Ha- 
ca;i.KH. Tina o 6 ecneqeHna BbicoKoro k. n.ji;" nenecooSpasHO pa 6 o- 
xaxb c HaH 6 ojibme§ KpaxHOcxbK) UHpKyjiHHHii (x. e. Kor^a R-» 0 ). 

riojiyqeHHbie pacqexHbie cooxHomeHHH nosBOJiaiox npoiisBecxH 
nojiHbiH xenjiOBOH pacqex o;[i,HocxyneHqaxoro pereHepaxHBHoro 
xennooSMCHHUKa no3.o6Horo xima. 

06o3HaqeHHSi 

f'o — noBepxHOcxb e^tUHnubi oO-bCMa Haca;iKH; F — cyMMapnaa 
nOBepXHOcxb Maxepiiana HacaAKH b KaaiAofl ns Kawep xenjiooO- 
MeHHHKa; c^, c, h — xen.ioeMKOCXb BOSAyxa, rasa h Maxe- 
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pHajia Haca.'iK-ij; h — reKymee paccTOflHHe ot peiueTKii; H — no.i 
nceBAOOJKHiKeHHoro c.-ioh; — OTHomeHiie boahhw 
S kBHBa^eHTOB nceB^ooaiHJKaiomefi cpejibi (rasa Boivxa 

H UHp™„pyK,mefl Haca^K-.,; Q - Koaii.ecTBO aen^a 
BaCMoro B ejiHHHuv BpeMenii ot ropaqero renaoHocHTea: 
K xoaoaHOMv; = 06 T,eM saHHMae 

mbih MBTepna^iOM nacaAKH, iiMeiomefi HyjieBvio noposHocxb, riie 
op-bew nceB^loojKHaveHHoro c.ioh b Ka»:;iOH hs KaMet 
CKopocTb (})iuibTpanHii rasa h bos 
j>xa B KaMepax xen^ooSMeHHHKa; i, u — xeMnepaxypu rasr 
~ xen.iooSMeHa weiKjiy npo;iyBae- 

MoiM BOs^iyxoM (rasoM) h HacaAK'oft: r, h - — vjTe^Hbrf 

Beca Bos^iyxa, rasa ii MaxepHaTia nacaW; do h 
M ajibHasi ]i MaKCHMa;ibHaH xeMnepaxypbi Haca^KH- W n w — 
Bo;iHHbie SKBHBajienxbi xenjiOHOCHxeTiefi; b = a /-/IF — KOMnjieKc 
SHKor^® Pac^exe o6biqHbix noBepxHOcxHbix xen.iood- 

0— Ha Bxo^ie B xen.ioo6MeHHHK: 1 — na Bbixoiie 
HS nepBOH cxyneHH xenvioo6MeHHHKa. 

.TIi TEPAT yPA 

1. C. C. SaopoacKiifi, H. B. Ahtohhujhh, B A Hcmkohmu 

ABTopcKoe cBnaeTe.7ibCTBO no saHBKe JVs 851607/29-14 ot 19.X 1963 ° ® 

2. M A. MiixeeB. OcHOBH Ten-ionepejami. FSPI. 1957. 


H. B. AHTOHHWHH, B. A. BOPORWJin, C. C. BABPOMCKHfl . 

B. A. HEMKOBHV 

TEnjlOBOK H rH^POAHHAMHHECKHH PACHET 
AByXKAMEPHOrO MHOrOCTyriEHHATOrO 
PEFEHEPATHEHOrO TEnJIOOBMEHHHKA 
C UHPKyJlHPyiOlUEH HACAflKOH 

B pa6oxe [1] obia npHBe/ieH xenjioBofl pacnex oAHocxyneH- 
yaxoro AByxKaMepHoro perenepaxiiBHoro xemxoodMeHHiiKa c mip- 
KyjiHpyKDiHeft Haca/iKofi. Ko3(i)(i)HUHeHx no.iesHoro AefiCTBiiH xa- 
Koro xenjioo6MeHHHKa 



ZlajKe npii vc.xobhh, qxo KpaxHocxb HHpKyjiHmm Haca/iKii 
oecKOHeqaa, npeAe.ibHwfi K03(|)4)HHHeHx nojiesHoro AegcxBHH oa- 
HocxyncHqaxoro xenAoo6MeHHHKa He MOHcex npeBbicHXb 0,5. YBe- 
AHHHXb K03(j)(i)HHHeHT HOJieSHOrO AeScXBHH M05KHO HyXCM OpraHH- 
saiiHH cxynenqaxoH npoxHBOxoHHoft cxeMbi ABHHceHHH rasoB, o6- 
MeHHBaiomHXCH xenAOM (pHc. 1). KaK ii b OAHocxyneHqaxoM 
xenAooSMeHHHKe, rasbi, npoxoAH nepes KHnnurnH cjioh, odMeHir- 
saioxcH xenAOM c qacTupaMH npoMeJKyxoHHoro xenjiOHocnxejiH, 
Koxopbiff nepexoAHT b bhac rpaBHxauHOHHoro ABH>KvmerocH haot- 
Horo CAOH H3 OAHOH KaMepbi B Apvryio b KaJKAoft cxyneHH. 

BnanaAe paccMoxpHM AByxcxynenqaxbiH xenAo'bdMeHHiiK, a 
^xeM — HOJiyqeHHoe pemenne na AioSoe KOAHqecxBO cxyneneH. 
UpHHHMaeM, qxo b KajKAOH cxyneHH iiMeex Mecxo saKonqeHHbift 
xenAoo6MeH MejKAy rasoBbiMH xenAOHOCHxeAHMH n nacaAKoft 
H qxo nepeMemiiBaHHe nacaAKH b oS-bCMe KancAon iis KaMep xen- 
AooSMeHHHKa HAeaAbHoe. 

Z^AH KaH<AOH cxyneHK xenAoobMeHHHKa npH paseHcxEe boah- 

Hbix 3KBiiBaAeHxoB rasoBbix xenAOHocHxeAeS HMeeM: 

-Qm — ^l'=R (r? — dm] = (do — tl] ; (2) 

dm -{^h= R {tl - dm ) = R (#1 _ /O j . (3) 

yqHxuBan qxo dm = /r; 00=^3 H d 5 = vpaBHe- 

HHH (2) — (3) MOACHO saHHcaxb xaK: 

tj-tl^Rit^^-tr) = R{ti-ti); (4) 
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tr — it = R — tf) = 

Hs (4) li (5) MOvKHO nojivmiTb cHrTP\»\- no a 
vpaBHeHHfi C 4 HeHSBeCTHHMt^ t- P 

HeHHft OTHOCirTe.:iBHO HeUBBeCTHbix thitl Aa^r 


(1 +;?)^°4-2/2 

2/r + (l 4-/?)/° 

3 + R 


( 6 ) 


CpaBHiiBan no.iyiieHHbie cooTHOiueHHn /vi 

HbiMii j.iH o;iHocTyneHqaToro Tenjioo6MeHHHKa f J i -,fr 

npocTpaHHTB HX HO Te„.oo6Me„H„r™IZ"^ J 

(1 + 

W- /i -f /? ’ ( 

/2/^ + (I +^)/^ 

~TT^;r=K^ • ( 


\ = 


^r~t^ 


i +ri-hR 


RKTfinn rpa(|)HqecKir ii306pa7KeHa na pnc 9 

crriE/”'™ 

=s~=i:S==H= 

SF™=F-H“1™™ 

Ten^oo6MeHH»Ka p36o?a»T B nirZU'* ® 

lUssIss 


xen.iooSMeHHHKa nepenaj ;iaBneHiiH, HanpaBneHHbifi HaBCTpeqv 
C.30I0, onycKarameMycH no neperoqHOMv Kananv 113 «ropBqe'H 
ceKmm b xo.ioriHyio», " ^ 


AP = 2/iAPo 


(11) 


riepenaA aaB.ieHiin, npHMepno MeHbmiift na 2APo, npHjio>KeH no- 
n^THo 3,Bii7KeHiiK) C7IOH, onyc.KaiomerocB no neperoqHOMv Kanajiv 
II3 xo.xoaHOH Ka.Mepbi Hii^Heft cTvne- 
HH B ropnqyio. 3 to aaB.ieHiie He npe- 
nHTCTByex iicxeqeHUKj Marepnajia b 
ropnqyio KaMepy, a, Hao6opoT, co^xeft- 
cxByex e.My. HoaxoMy ceqeHHe aroro 
KaHa.ia mojkox 6biTb Bbi6paHo mchb- 
UJHM, a Bbicoxa aaxsopa — HeSojibiuoft. 

ripoBepKa Ha na6opaxopHbix mo- 
/i,ejiHx noKaaajia, qxo iicxeqeHiie Maxe- 
pnana 113 xoviojtHon KaMepw b ropn- 




Pnc. 1. Cxe.Ma jBvxcTvneHqa- 
Toro Ten.TOoS.MeHHijKa 


Pnc. 2. SaBiiaijiocTb k. n. x .neyxKaMep- 
Horo JiHorocTjTieHqaToro TenjiooSMeHHiiKa 
OT q«c-ia CTj neHeii; 


qyio MOTKex ycneiuHo npoHcxoanxb b noqxn ropiisoHxa.ibHOM na- 
Haae. 3 to oanaqaex, qxo ^^jiaBjiiiBaiomaH no.xKa xohojhoh ceKUHii 
MOHcex 6bixb pacnojio>KeHa na o.hhoh Bbicoxe c raaopacnpe^ie- 
.xiixejibHOH pemexKoii ropnqeH ceKUHn. B bxhx ycaoBHHx Bbicoxa 
nepexoqnoro Kanajia h 3 ropaqefi ccKmiii b xojio.HHyio, a cjieflOBa- 
xejibHo, H .naBjieHiie/ npH KoxopoM xeqeHne b KaHajie npHOcxano- 
BHXCH, Moryx 6bixb SHaqiixejibHO vBejinqeHbi h cocxaBHXb (npene- 
operan conpoxHB.ieHiieM ra3opacnpe.ae.iHxenbHOH pemexKH) 

^ ^saTBopa ~ A Pn. (1 2) 

Tab KaK ^P^zTBapa 40jim{ho 6HTb 6ojibme AP, hs (II) h (12) no- 
.lyqaeM, qxo qircvxo cTyneneft peKvnepaxopa 

n<k. (13) 
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TaKHM o6pa30M, npii pacmiipeHiiii ctioh 6o.iee mbm b 3 pa 3 < 
MO/KHo ocymecTBHTfa TpexcTvneHqaTbiH ren.iooSMeHHHK. 

KojiHHecTBo CTvneHeH npoBepaercH TaK>Ke xexHHKO-aKOHOMH 
wecKHM cpaBHeHiiCM Baxpar na ;i,yxbe c Ko.inqecxBOM yxHJiHBHpo 
BaHHoro B peKynepaxopax xenna b aaBHciiMocxH ox RHCJia cxyne 
Heft n. Bbicoxa c.ioa b Ka>Kj,oft ceKmiii BbiSiipaexca MHHUMa.ibHoft 
qxo6bi H36eH<axb iiajiHiuHeft aaxpaxbi SHepnin na Ayxbe, ho xan 

qxoobi xen.xoo6MeH MeH<jiy ra- 



30M li qacximaMH npaKXHqe 
CKH aaBepmajiCH. 

nepenaa xexmepaxyp Menc 
Ay ra30M h qacxHpaMH 

A^ = A/oexp( — b). (14 

npii b = — = 3 xenjiooS- 

Men MejKiiy qacTHuaiwH h ra- 
30 M HpaKXHqeCKH nOJIHOCTbK 
saBepmaexcH. yqHTbiBaa, htc 
///7/o = (l-eo)/(l-£). F^ = 
=6-(l — s)/d H Nu= 1,25- 10“^- 
•Re'’^®{2], ypaBHeHHe(14) Mo- 
hcho nepenHcaxb TaK: 

tio — — — . (lo) 

Nu 


PhC. 3. SaBIICHMOCTb MHHHMaJItHOH BWCOTK 
HenoiiBHacHoro cnosi naca^KH //q . Heo6- 
xo;iHMoft ajih saBepmeHira Tenjicx)6MeHa 

-Mexc^ty .nat.teTpa p^cqex Haqa.XbHoft Bbicox 

cjiOH, npH Koxopoft xen.xoof 
Men aaBepuiHXCH BHyxpn Hen 
no (15) TjojijKeH 6bixb npoHc 
Be^en ox/iejibHo xajKjioft KaMepbi xen7ioo6MeHHHKa. HaM 

npoiisBeaen npH6jiH>KeHHbift pacqex oueHKii nopajia Hq ^jih cji) 
qan HarpeBa BosAyxa jio cpertneft xeMnepaxvpbi 100, 400 u 800° < 
npH 3-KpaxHOM pacumpeHKn cjioh (piic. 3)' 

Ms PHC. 3 BH/IHO, qxo npH fluaiviexpe qacxnn nopa^Ka 0,5 m. 
HaqajibHaa Bbicoxa cjioh, Heo6xoji,HMoro ji.xa aaBepmeHHa xenjic 
o^MCHa, no-BH^HMOMy, He npeBbiCHx 100 mm. Bojiee onpe;iejiex 
Hoe cya^acHHe o hcoOxo^'iimoh Bbicoxe cnoa 3axpy.zi,HeHO oxcvxci 
BHeM Henocpe;icxBeHHBix onbixHbix jiaHHbix o xen^iooSMene b c,xo 
npH BbicoKHx xeMnepaxypax, r/te b npoxHBono.xoJKHocxb Ha6jiK 
jaeMoft Ha pHc. 3 xeH.iieHHHH pocxa Hq c xe.Mnepaxypoft mo>khi 
oTKHjiaxb yMCHbiiieHiiH HocjieAHeft, Bc.xejcxBHe cymecxBeHHor 
yBejiHqeHHH oanopoOTOCxn c.xoh. 

ypaBHeHHe .hjih k. n.;i. peKynepaxopa c vqexoM saxpax xchti. 
Ha npHBo;i BeHTH.xaxopa mo>kho sanHcaxl ran: 

V,; = 
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Qr 


(16 


OTKyjia nocjie npocxbix npeoSpasoBaHHii jt.ia BbicoTbi ctioh b pe- 
Kynepaxope 100 mm no.xyqae.vi 


19- 


(17) 


Ms pacqexa x,' no (17) bh^ho, qxo peKynepauna xenna c qiic^xoM 
cxyneneft peKynepamiH n = 2 — 3 MOHcex 6bixfa bo mhoxhx CvXy- 
qaax Bbiro.ii,Hoft Aaave npH cpaBHHxeJibHo hhskhx xeMnepaxypax 
oxxoflHiHHX raaoB. 

BbiOpaHHaa MHHHMa.TbHaa Bbicoxa cjioh b peKynepaxope mo- 
Htex OKasaxbCH HeriocxaxoqHoft, ec,XH yxiiJiiiaiipyexcH xenjio arpe- 
raxa, o6jiaaaiomero anaquxejibHbiM nijipaBjiHqecKHM conpoxiiB- 
jieHneM APg- ZleftcxBuxejibHO, bmccxo (11) 6yAeM HMexb 

AP = 2«APo+APa (18) 


Hs (18) H (12), no.xoHCHB A P ^ A P^^^bopb ^ no^iynaeM mhhh- 
Ma^ibHyio Bbicoxy c,xoh, Koxopyio Heo6xo;iHMO BHSpaxb, qroSw 
o6ecneqHTb uHpKyjiauHio xenjiOHOCHxejieft h 3 KaMepw b KaMepy: 


APo:^:: 


AP^ 

2{k — n) 


(19) 


PacuinpeHHe cjioh k ;ijih peKynepaxopoB jtaHHoro xnna ^io.xjkho 
HM eXb CBOft MaKCHMyM, OnpeaeJIHCMblft MHOrHMH XeXHHKO-SKOHO- 
MHqeCKHMH, SKCnJiyaxaUHOHHblMH H KOHCXpyKXHBHHMH JiaHHblMH. 
rioKa Hce MOHCHO peKOMCHzioBaxb sHaqeHiie fe = 3, noKaaaBuiee 
xopoiDHe peayjibxaxbi b peKynepaxopax jia6opaxopHoro xnna. 

Hcnojibayn npHBCTieHHbift Bbime nopn^oK pacqexa, HexpyOTO 
npH jiFoOoM k nojiyqiixb qncji'o cxyneneft, KOHCxpyxxHBHbie jiannwe 
II npeABapiixejibHbie xexHHKO-SKOHOMiiqecKHe noKasaxejiii jijih 
KOHK peXHbIX yCJIOBHH. 


OSosHaqeHHH 

Fq — noBepxHOCxb eAiiHHn,bi oO-bCMa naca^KH; c^c^. — xenjio- 
eMKOCxb B 037 i;yxa h ^rasa: d — ja,HaMeTp qacTHU, nacaAKH; H — 
Bbicoxa iiceBAOOHvUHveHHoro cjioh; //q — Bwcoxa HenoABHHiHoro 
HJiOTHoro cjioh npH ero npeAejie ycxoftqHBOCXH; k — cxeneHb 
pasAyxHH KHnniuero cjioh; n — hhcjio cxyneneft xenjiooOMeHHHKa; 
R — oxHouieHHe boahhux sKBHBajienxoB nceBAOOJKHJKaiomeft 
cpeAM (raaa hjih BOSAyxa) ii unpKyjiHpyiomefl nacaAKu; Qr — 
MaKCHMajibHoe KOJiiiqecxBO xenjia, Koxopoe mojkho nepcAaxb ox 
ropnqero xenjiOHOCiixejiH xojiOAHOMy; — KOJiaqecxBO xenjia, 
nepeAaHHoro ox ropHqero xenjiOHOCHxejia xojiOAHOMy; — 
pacxoA xenJia na Ayxbe; Wj. ii — CKOpocxb ^HJibxpamm 
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rasa ii B03;iyxa b Kawepax Tenjioo6MeHHiiKa; — Bo/iHHHe skbh- 
-“o^e^CTBeHHO T^MneparypH 
A/o H — Hana^ibHaH h xeKymaH (no BHCoxe) 
TeMneparyp MeTKjiy rasoBHMn Ten^onocHTejiAMii h Ma- 
TepHaAOM HacaAKH; a-K03cl)(),HmieHT Tenaoo6MeHa MeiKav nnt 

TOwy“rL'‘ra7a-^T Y., 7. -y^teabHuft eec 

S^vDK, *». — MHHiiMaALHaa H MaKCHMaAbHaa Ten- 

Haca^KH, s — noposHocTb KHnnmero cjioh; 2„— nooos- 
BoS^ n.ioTHoro ctioh npn ero npejiejie ycTOft^n- 

HPfT- Ten^^oooMeHHHKa, mweiomero n crvne- 

’ ^"ad c yqexoM saxpar xen^a na 

HHKa^’ ^^"“"epena/l ^aB^ienna b o^hoh KaMepe xen7ioo6MeH- 

Bxoj^e B xen;ioo6AieHHJtK; 1 — na Bbixoiie 
S\oie 7a 7n7r' ™ "3 BTopoft CTvneHH; «- aa 

HMHTCirrraaM ■ »-'7"n ^en^oCweHHHKa; r-ropaaHB renao- 
HocHxejib (rasbi), b — xo7io;iHbiH xenjioHOCHxe.ib (Bosityx). 

JI H T E P A T y P A 

C.ioe. rii-E ' 1 ^ 63 ° P ° r'lapoanHa.MnKa ii Ten.ioooMeH b nceBAOOHCiijKeHHOM 


;j 



H. A. UfAXOBA^ . 4 . F. rOPE.lIIK 


O nPHJ10)KErtHH pBOBmEHHOH TEOPHH 
PEryji5iPHoro pe)khma k TEnjiooBMEHy 
B nCEBAOO>KH>KEHHOM CJIOE 


^ lipuipets iiceBAOOJKHXeHHOro 

.XOBOH paAHamm nepes BepxHioio ero rpanimy. 

liSMeHeHiie xeMnepaxypbi cpe;4bi (o^KHJKaiomero arenra) sa 
nnciix OT HSMeneHnn xeMnepaxypbi qacxim; npejieabHon xeMnepa 
xypoH nacxnn HBjinexcH neKoxopan xeMnepaxypa, onpejejiH 
lomancH iiHxeHCHBHOcxbK) xenjioBoro noxona HSJiyqeHiiH ii ox*xh 
qaiomaHcn ox npejteabHofi xeMnepaxypbi cpeAbi. B nponeccf 
HarpeBaHHB najiynenneM nceBAoojKH>KeHHbift cjiofi nepexoniix ir 
o^Horo cxamiOHapnoro cocxohhhh b Apyroe. npn pxom mojkhi 
cqnxaxb, qxo nponecc qepes Hedojibinon npoMeJKVxoK BpeMeni 
peryjiHpHsyexcn n xeMnepaxypa qacxnn HBMeHnexcH co BpeMe 
HeM no PKcnoHenpHajibHOMy saKony 

- — u = (t — «J exp (— /7z -). (1 

HsBecTHo, qxo xoa iisMeneHHH xeMnepaxypbi rasa co Bpene- 
HeM B nceB^tooxHjKeHHOM cjioe aHabiornqeH xoav iiSMeHeHiia tcm- 
nepaxypbi qacxim; c.xeAOBaxe.ibHO, rasa xakjKe HAieex Mecxc 
peryjiHpHfaiH pea<HM nsMeHeniiH xeMnepaxvpbi: 

tf~Uf = (tf — exp (— /«i t). (2] 

ZIjih onpe^ie.xeHiiH saBHciiMOcxn xeMna narpeBaHiin qacrun m 
ox xapaKxepiicxHK cjiosi paccMoxpnM xenjioBon 6a.xaHc cjioh Ma- 
xepnajia, b KOxopoM cyMMapnbiH od-bCM qacxim pasen V. 
ypaBHenne xenjioBoro 6ajiaHca sannmexcH xaK: 

^ Q = S Qi -f a (3) 

r^e oQi — cyMMapHoe iiSMeHeHiie sanaca xenTiOBOfi sHeprnii 
qacxim b oo’bewe V sa BpeMH ot: 

o Qi = I* c yo udV = C 0 uv ; (4): 

V 

oSbCMe^V^^’ oxAaHHoe rasy qepes noBepxnocxb qacxnu b 
Q 2 = J 3 t (u — Uf) o~dS = 7 . S («s — Uf^) ( 5 ) 


iiKj LuixuM len 


i 
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TaTb,**ijTo nOBepxH(JcTb^Tenjioofi"°'''**^'*° o»M!KeH, mojkho cqn- 
no o6i,eMy. ™n-"oo6MeHa pacnpeae.ieHa paBHOMepwo 

o6i,eMoL V''^S°BpeSa^8 T^ b c.ioft qacrim 

H ypaBHeHue xenaoBoro ol^arca^t.^exca oCp'f- 

lu 


npil VCTaHOBlIBIUeMCH pe>KHMe (X-^ oo) 

OTcio;ia npe^e^iBHaa pasHocxb TeMnepaxyp 
P 




Ha ypaBHenml (7) h (g) 


y.S 


(7) 

( 8 ) 

(8a) 

(9) 

Ten^o, nepe^aBaewoe or qacTnu k rar,,. 

^epea narpcB rasa: ^ BbipaaiiTb 

^-Q2 = Cf(Uf — u^^)hx. xjQ. 

noilCTaBHB (]0) B (7), HMeew 


^ OW , ^ 

^ ~~ «/) ~^S(t~u) = 0 . 


I npH YCTaHOBHBmeMca peacHMe 

Ha (II) H (12) ^ ^/(^f — "of)* 

= 0. 


Hcno.ibaya (JjopMy.iy (J), nMeew 

Q U _ 

OX 

Ha (9), (13) II (14) no.iyqaeM 


0 u 

~ = m (t — u). 


Cf -f- 3t s c 


( 11 ) 

( 12 ) 

(13) 

(14) 

(15) 


Bbipa>KeHHe (15) coBna;^aeT co anayeHiieM, no.iyqeHHbi; 
.lp\riiM cnocoooM b [2] (xifl cnyqaH paBeacTBa K03(J)(J)iimieHTo 
TenaooT;^aqn npii cxamioHapHOM ii necxamioHapHOM pejKHMaj 
a xaKHie paseHcxBa cpeaHeiiHxerpa.ibHon xe.Mnepaxvpbi rasa ] 
xe.Mnepaxypbi raaa Ha Bbixoae na c.xoa). 

BaHB™ra3a'.'H3 onpeae.ii.Tb re.Mn Harpe 

O Uf 

-ry- = '^h {tf — Uf). ( 1 6 


IIcno^bavH paaeHcxBa (9), (13) n (16), no.iyqaeM 


fih = - 


y.S 


C y.S~Cf‘ 


(17 


CxeAOBaxejibHo, xeMnw HarpeBaHiia qacxim ii raaa b nceBjio- 
ojKHJKeHHOM cjioe B ^aHHOM c.iyqae paBHbi. 3xox peayjibxax co- 
r.xacyexcH c peayabxaxoM, no.xyqeHHbiM b paSoxe [2] ycjiobhh. 

VKSSflHHblX RbTTTTP 

noBepxHocxb qacxim b caoe onpe;ieaHexcH no secv cjioh G 
II paa.Aiepy qacxim d: " 

^=-7^- (18) 

TeMn Harpesa onpej,e.xHexcH no npak-xiinecKiiM aanHbiM na bbi- 
pajKeHUH 

m=^ — (19) 

-1 — ”2 

SnaH m, mohcho onpejie.mxb K03(t)(bnn.iieHX xenjiooxxaqii ox 
qacxHu K raay 

{Cf—mC)S' 

ComacHo o6o6ineHHon xeopmi peryjmpHoro peJKHMa xeivin 
HarpeBaHiiH ne aaBiiciix ox xiomnocxii ncxoqHHKa xenjia ero oac 
nono^KeHim b xene (x. e. ox mySiiHbi npoHHKHOBeHHH Hai^HH)' 

Ii KoopAimax xoqKir. BeminiiHa m aaBnciix xo.nbKo ox reoMeroH 
" J'®'’-™®"-''' napa^ieTpoB Te.ia (b flanHOM c.?y- 

HarpesaHiiB nceBaoo>KH*eH- 

c”erporB'’^;o! 


( 20 ) 


Qu ~y.(u — Uf) = c‘f Py 


( 21 ) 
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) 


i 


i 


TaK KaK in = to 

q„ — ^ r a — ti) — ~ ^^/ii) 

L ' t — u^ 


{t-u) = 




(22) 


3aBiicn.MocTb CKopocTir HarpeBaHiut nceB,TooH<!i>KeHHoro cion 
»-^‘eeT. TaKHM oSpasoM. .iHneftHbiii xapaKxep 
(32). B CBHSIl C TOM TTO perX MHpHblfl pe>KIIM VCxa Ha BO 11 BaCTCn 
nepea HeKoropbiH npoMescyroK BpeMeHii nocoe Haaaoa HarpeBa- 
HHji coon. B HaaaobHbifi nepiioo iiMeer .\iecTo HeoiiHeniibifi xa- 
paKTep ii3MeHeHiin CKopocrii narpeBaHiin. hto nooTBep>K.TaeTcn 
oribiTOM [4], 3 to o6ycooBoeHo BoiinHneM HaaaobHbix vcoobiih npo- 
uecca HarpeBaHHH nceB.TooiKn>KeHHoro coon. 

06o3HaHeHHn 

"P” ycTaHOBiiBiiieMca 

PeJKHMe - cpcAHHe TCMneparypH qacTim h rasa b Ha- 

MOMeHT: «. «,-cpeaHHe Te^epaTypu MacTi.rH rSa 

npii HeycTaaoBHBmeMca pe>KHMe; V - oOBeM aacrau b caoe 
V,-oo-beMHuii pacxoa rasa b eaiiHimv speMeHii: iQ-xenao 
noaBeaeHHoe HsayaemieM k oOteMy akxau V; S-cvMMapHaa 
noBep.xHocTb aacxHH: S « - iisMeHeHne xeanepaTv-pM aacTHu sat 
Meaxa oe-beMa dV sa s.ieMeHT BpeMeH.i dS-noBep\HOCTb 

“ “jT ^ ‘idy — cpeanaH no o6-beMy tcm- 


qacTHu B ooTsewe dV; uy 


nepaxypa qacriiu; = — 


- cpeiiHnn no noBepxHocx 


u; Ws ^ ^ J ' 

s 

TenoooSMeHa Te.Mneparypa nacrim: — cpeiinn 

no noBepxHocTH TOMnepaiypa rasa; u,, -^xeMnepaxvpbi q? 
cxim non rasa b .aaHHofi TonKe coon b Mo.veHXbi BpeMeHH 

‘^ 1 - ~ TenooeMK-ocxb qacxim 

lasa, 7 , If nooxHOcxb JviaTepnaoa qacxHU ii rasa' C = c''l'’- 
xenooeMKocxb qacTim b cooe; C- = c,- Vf F,- — SHxkibnun Vas- 
npoxo;;amero nepes coofl b ejiiHHUv BpeMenii; P — moiuhocx 
nsoyqeHiin, noiiBOjtHMoro k cook): a - KOsAtiHmHeHX xenooox 
aaan ox aacxnu k rasy: G,, _ Bee aacXHU "aoerS - cpeX 
pasMep qacxim b cooe; — nooxHOcxb oyqiicxoro noxoKa 

A- — xapaivxepHbifi pasAiep coon; z/r = zz,/ = -1 { u,-dV— cpeo 

V j 


HHH xcMnepaxypa rasa b oS-bexie coon b jtaHHbin mo.mchx spe- 
mohh; «of — HaqaobHan xcMnepaxypa rasa na Bxojie b cooii: 
m, nil — xeMnbi HarpcBaHHn qacxHU, ii rasa cooxBexcxseHHo. 


.4 M T E P A T X' P .A 

!. r. H. J.y.ibneB. T. M. KoHoparbeu. Hsu. .\H CCCP. OTH, 
As 7. 1956. 

‘2. lO. H. Ill Ii M a H c K II i'l , H. H. C bi p o mh t n ii k o b. IlO^. J\b 3 , 

3 . A. B. JlbiKOH. Tenoo- ii MaccoomieH b npouecca.x cvuiku. focsHeproiis- 
oaT, 1956. 

4. H. A. lUa.xoua. A. F. FopeoiiK. 5, 1964. 
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C. C. 3ABPOJ1CKHB 

O TEnJIOOBMEHE BblCOKOTEMIlEPATyPHblX 
nCEBflOO>KH:^EHHbIX CJIOEB C IlOBEPXHOCTflMH 


HecMOTpji Ha to hto no TenjioooMeHy nceBjooTKHJKeHHoro 
CJIOH c OMbiBaeMbiMH HM HOBepxHOCTHMH HMeexcH 6ojibiuoe HHCJIO 
iiccjieztOBaHHH [1], ao CHX nop eme He jtocxaTOMHo ocBemen BajK- 
HbiH Bonpoc o nepenoce renjia BbicoKOTeMnepaT^^pHbiM cjioeiNt. 

nsBecTHbi jinuib OTpbiBOHHbie jiaHHbie /Ihcojijiii 
« Sojiee o6mHpHoe iiccjieAOBaHne H. B. XapneHKo 
II K. E. MaxopHHa [4, 5]. SKcnepriMeHxa.TibHaH pa6oxa H. B Xap- 
neHKo H I\. E. MaxopHHa npe;XCTaBJiHex HecoMHeHHbift nHxepec 
HO xpaKxoBKa aBxopaMH pesyjibxaxoB SKcnepuMeHTOB Bbir.iHAHx 
axHuiKOM ynpomeHHOH. 3to b ochobhom oxhochtch k bhboav bb- 
TopoB o6 oxcyxcTBHH cymecxBeHHoxo jiyqHcxoro o6MeHa MejK;iv 
BbicoKoxe.MnepaxypHbiM nceBj,ooyKH>KeHHbi.’\i cjioeM ii norpv>KeH- 
HblM Xe.lOM. 

iXnn AOKasaxenbcxBa CBoefl xobkh speHiin b [4] ii [51 bbizibh- 
Hyxbi cnejiyiomHe coodpaTKeHiin: 

^ i. Me'Aijiy nceB^oo}«iiH<eHHbiM c.xoeM ii Te.xoM ne ;iojihcho 
obiTb .aynncxoro o6MeHa, kbk Me>K;tv HexenjionpospanHOH hchh- 

KOCXblO H CXeHKOH. 

2. MaKCHMajibHbifi KoacJxljimHeHx xen.xoo6MeHa ama.-'; c xew- 
nepaxypofi cjioh irsMeHnexcH .ximeftHo. 

3. AjiioMHHHeBbie aaroxoBKH, oGjiajiaiomHe hhbkoh cxenenbio 
nepHOTbi noBepxHocTH, npHMepno cxojib jKe 6bicxpo HarpeBaioxcH 
B n^B7lOOH<H>KeHHOM C.XOe, KBK SarOXOBKH H3 jpynjx Mexa.XJIOB. 

OAHaKo B aHa,)iorHH [5] MeHcjiy nceBjiooHCHmeHHbiM cjioeM h 
«Henpo3paqHOH >KH;iKocxbio» He ynxeno, qxo b oxjiHmie ox hbio- 
TOHOBCKHX JKHJlKOCXefi H JiaJKe ox rpaBHXaUHOHHO JIBHJKymerOCH 
caoH pasBHToro nceBaoojKiiHceHHoro cjioh c HHxencHBHO nepe- 
-MeiuHBaiomiLMHCH qacximaMH cymecxBvex sHaHHxejibHbifi xeMiie- 
paxypHbin nanop MevKjiy noBepxHocxbro OMbiBaeMoro xejia (cxeH- 
KH) II ojiHHcaHiuHM K Heii pHjioM HacTHH. HaTKc B xy^uieM cjiynae, 
ec^iH OKOjio noBepxHOCTH xejia 6yjieT aanepvKHBaxbCH HeKoxopan 
npc^jiOHKa npHjiHnuiiix k Heii qacxHH, xenjiooSMeH iisjiyqeHHeM 
He oyjxex HCKjHoneH, a xojibKo nepeneceH Ha rpaHimv pasjiejia Me- 
TKjiy HenojiBHHCHbiMH H nepeMeuiiiBaiomHMHCH qacTHuaMii EIpn 
52 


3TOM, npaB^ia, b iisBecxHofl Mepe cmaxviiBajiacb 6bi po.xb cxenenn 
qepHoxbi noBepxHocxH caMoro HarpeBaeMoro xejia. 

JlexKO oS-bHCKHTb xaKJKe „aHOMa.XHH“, ynoMHHyxbie b nyHk'- 
xax 2 H 3, ecjiH oOpaxiiTb BHUMaHne na HecoBnajxeHiie cKopo- 
cxeii (JiHJibTpauHH, npH Koxopbix jioJiiKHbi AOCxiiraTbCH MaKCH- 
MyMbl KOHBeKTHBHO-KOHJiyKTHBHOfi H .XyHIICTOfl COCTaBJIHIOIH,nX 
K034)(J)HUHeHTa Tenjioo6MeHa. Hejibsa o^HjiaTb, qxo b o6biqHbix 
BbicoKoxeMnepaxypHbix nceBAOoxvHiKeHHbix cjiohx amax 6yj3,eT 
CyMMOft Khk. max H Ot.,. ^gx JiaXie npH nOJIHOH CnpaBejIJIHBOCXlI 
paBCHCTBa a = Kj-j. 4- 7ji ;ijih jiio6oh CKopocxii (|)HJibTpamiH no- 
TOMy, qxo H3 3THX JlByX COCTHBJIfllOmHX JIHUIb Kkk BCCbMa HyB- 
cTBHxejieH K noposHocTH cjioh [1] H nosxoMy ;iocTHraeT CBoero 
MaKcHMyMa (Okk. max) npH yMepcHHHX 3HaqeHHHX m. Mto KacaexcH 
Kjj, TO ero 3HaqeHHe npii oShhho jiocxaToqHoii xojimHHe 
CJIOH 6y;ieT jihuib BoapacxaTb c pocxoM noposHocxH. Kor^a 
noBepxHOCTb aaroxoBKn 6yMieT ^Bii^eTb" ne tojibko ejuuKaftiuHe 
K Heii H HecKOJibKO oxjia3K;ieHHbie, ho h Bce HOBue h HOBbie jiajib- 
HHe pHAti pacKajieHHbix qacTHu.. BaacHO TaKHce, qTo6bi npn 3 tom 

C pOCTOM CKOpOCTH (JlHJIbXpaHHH HC TOpMOSHJIOCb ABHJKeHHe 

nacTHu. Ho, KaK iiSBecxHO, b pexcHMe ^HopMajibHoro nceB^o- 

OJKHHCeHHH C HySUpHMH" CKOpOCTb HaCTHIJ. JIHHIb yBeJIHHHBaeTCH 
c H MBKCHMyM 6yaeT JieHcaxb sa npejiejiaMH sToro pe- 
jKHMa npH 6ojiee blicokhx w^. Tan, oShhho c pocxoM (JiopCH- 
POBKH HOiiaHH xasa Sy^CM HMCTB MOHOXOHHOe, XOTH H nocxe- 
neHHO saMe^ViHiomeecH yBejinnenHe a^. 3 to ^ojihcho npHBOAHXb 
K 60Jiee lUHpOKOfi aone ~ “max = (axK + aji)inax AJIH BbICOKO- 
xeMnepaxypHoro cjioh, hcm ji,jih HHSKOTeMnepaxypHoro. 

PacTHHyxaH 30Ha amax JieiiCTBHTejibHO HagjiiOAaJiacb 

b onbixax H. B. XapqeHKO k K. E. MaxopHHa [4] h npe^icxaB- 
jiHCT co6oii npaKTHHecKH cymecTBeHHbifl peayjibxax HajiHHHH jiy- 
qiicToft cocTHBJiHiomeft xenjioodMeHa xejia c BHCOKOTeMnepaxyp- 
HbiM HceBjiooiKHJKeHHbiM cjiocM, jiaiomHft BosMOiKHOCTb pa6oTaTb 
c BbICOKHMH a npH SOJIbUIOfi nop03HOCTH H 60JIbmOM OTHOCH- 
xejibHOM paciuHpeHHH CJIOH, T. e. npH MeHbuieii HanajibHOfi bh- 
coTe ero h MeKbuiew rH;i,paBJiHHecKOM conpOTHBJieHHH. 3 to b 
pH^ie cjiyqaeB BbirojlHO. OqeBHilHo, ajih pasHbix tohck KpHBoft 
b 30He HOJiororo MaKCHMy&ia jiojih otj, b amax Sy^iex 
pasjiHHHa: jxjih tohck c 6oJibmeii ona Bbime. 

ZloKasaTejibCTBOM cymecTBeHHoro Jiynncxoro oSMena MeiK- 
;^y BbicoKOTeMnepaxypHbiM nces^tooiKHJKeHHbiM c^ioeM h norpy- 
HceHHbiM B Hero tcjiom HBJineTCH caAia bobmohchoctb BKcnepii- 
MCHTajibHoro onpeAeJieHHH no Mexo^ty peryjiHpHoro pe>KH- 
Ma, HOiixBepiK^taeMaH onbixaMH [4], J[I.eftcxBHTejibHo, y H. B. 
XapqeHKO h K. E. MaxopHHa ocHOBHbie 3KcnepHMeHxajibHbie 
XOHKH, HaneceHHbie b KoopAHHaxax x (BpeMH) h lg(eKc — T„), 
yKJia;ibiBajiHCb jijih ejiHHHqHoro onuxa na OAHy npHMyio, qxo 
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:!Zr~T:oZi 

30.„ocxf?SaT=" 

113-33 pocra KiiHeMaTHaecKoft bh3kocth rasa b6.iih3h ^mapa Cie 
xOBaTe-aBHo, mop ocTaBarbCB nocToaHHUM b oShom 
caer Hajiiixua i, nocTeneHHoro yMeHBuieHHsi .xyaMc?^^ coct 3 b 
. iHromeH ooMeHa 7.^ no Mepe narpeBa luapa. 

c yMeHbuiaTBCa 

^ ObicTpee npH6jiHjKaeTCH k TeMneoxn- 

Jtob “^P°“ 8. xeM K xeMneparype aapa 

'*»c-’'''>'eab yMeHbiuaeTca SbicTpee, aeM^saaMe- 
HaTeab. HHTepecHO OTMexuTb, xxo .HcximHbifl” (noacxuxaHHLfT 

no pasHocx,, xeMnepaxyp ,.3ayxaK.uiHx noBepxnocTflV"S|r- 

flj 

uneHx,xyirncxoroo6MeHa „e yg^^^ex, a moho- 

XOHHO Boapacxaex c yBeaiineHneM xeMnepaxypu HarpeeaeMoro 
c.ioe.M mapa. i].eftcTBHTe.7ii>HO, ^ i y ea _i_ j.2 « ^ -,3 „ 

K-OHeHHo. c 3; „e npHxoanxCB iiMexb jxejiZ. xan Six 6 not 
AaeTCH HenocpejiCTBeHHOMy HSMepenmo 

-xeiiciBOBaxb BoapacxaHiie m. nem conyxcxByromee "Zv ZZ 

nep^Z^aaraxcn n , P®“® cy^ecxsenHO 

nepeox.xaAaaioxca, h a, secbMa naaeKO ox ynoManyxoro 


-(^n 


MaKCHMaabHoro ananeHna, paBnoro 4,9 


(Sk. 


ct), npn HeKOTopoM 




100 

yBe.inqeHHH creneHii 


aepHOTbi c.ioH. yToqHHTb creneHb qepnoTbi cjioh saecb nn 

Bcero a^ruibZpeie™: 

HbiH c.a\ qan n nero mojkho npnHHTb s„e = 1 

HejibSH npHsnaTb y;iaqHbiM, qro b [1] v*e r rawnivt 

HaqeHHH 3T0ft MaKCHMajIbHOft BeTIIiqHHbl OTCVTCTBVeT COOT 
BeTCTByiomHfi HH^ieKc max. 1 t ctb\ ex coot- 

Toro, qxo aKK.nax B oobiqHbt.x nceB;iooH<H3KeH- 
Hbix caonx jio.ijkho ;iocxHraxbCH npn hhskhx a., Be.TnqHHa 7 Ra 
bhcht ox xeAinepaxypbi c^oa ^HHeilHo. Kax ■ « Slcnef 

Hoe 3HaneHHe „o*ex obixb 6 jih 3 ko k- ZT™. Oxc»"a 
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Mo>Kj^ iipiiHinMaTb xaKHx BbicoKoxeMnepaTvpnbix c.ioee 

Kmax — t-kk. max H npuMCKHTb pacqcxa nepcHoca HMH xcn.ia 

npocxyio BMmipiiqecKyio (|)opMyay, npejiao^Kennyio panee 181 
jaa HHSKoxe-MnepaTypHbix cjigcb. Koropan b enuHnuax CH Ra- 
niimexcq xak-; ^ 

= ( 1 ) 
Ecaii (1) conocxaBHTB c opbiTHbiMii ;iaHHbiMn H. B. Xapnenko 
15} OKpyrawx qacxim. xo biuho, qxo ona ontiCbiBaex nx 
c oxKMOHeHneM, ne npeBocxoitamuM 7,5% ox Koppe.inuHH npea- 
no^KennoH XapqenKO, ec.in paccqiixbiBaxb Wx no \ npoVxxoB 
cropaHHH Ton,THBa npn xewnepaxype c.ioa. SaHnateHHbm ^(b sa- 
nac pacqera) anaqeHHn 7.max BbicoKoxeMnepaxypnoro c,ioa nceB- 
;ioo>KimeHHoro npo;iyKxaMH ropemm, nojiynnw, Sepn bmccxo 
/- r k03(pcpim;neHT xen,4onpoBOAHocTH Bosayxa 

3HanP«P,nf Z'Lb JleKHX ox BbICOKHX 

3HaqeHiiH oqeBUAHo, Moacno nojiyqnxb vnoMiinaeMyio b [5] 
npaKxiiqecKyio HesasHCHMocxb BpeMenn Ha^peBa xejia b c,/ioe 
ox cxencHH qepnoxbi ero noBepxHocxn. 

OxMeqaeMoe b [5] yBejinqeHHe na 10 npn ropcHKii 
B c,ioe no cpaBHeHHK) c noTiyqenHbiM npn no;iaqe noS ra- 
„roxoBbix“ npo;iyKXOB cropaHHH 
Tewnepaxypbi), cjiaOo no;iXBepHc;ieHo onbixHbiMH ;iaH- 
HUMH H3-3a BHaquxejibHoro pasOpoca xoqcK, ho npaBAonoj^oSno 
06l>SICHHTb HeKOXOpUAl yBe.THqeHHeM 0;^HOpo^HOCTH 
nceB,a,OOyKH>KeHIIH npH rOpCHHU, VCXaHOBJieHHblM B }6I H [71. 

Hcxo^Ih h 3 H3ao3KeHHoro, c.Te,ayex oxMexHXb xaKace qxo 
B BbicoKoxeMnepaxypHOM nceB;tooH{HJKeHHOM c.ioe mohcho no- 
nyqiiXb oojiee BbicoKne a^ax, qeiw ;iocxHrHvxbie b [4] h f5l 

1 iOBbimCHHe a,nax 34eCb B03M0JKH0 3a Cqex Obicxporo HCKVCCT- 
BCHHoro nepeMeuiHBaHHH c,!ioh BOKpyr norpynceHHoro Henoa- 
moKHoro xeyia hvih sa cqex paBHOueHHoro ‘^^BifHceHHa caMo?o 
xejia. lakHM paBHOueHHbiM ,^BH3KeHIIeM iMOHcex 6bixb ne bchkoc 
a niiuib oOecnequBaiomee oxcyxcxRHe CKOJibKo-HH6y;tb ;rjiHTe,xb- 
naCTiiuZr’^"'’”'’'’"'”’ xena c oaHHMH n xomh jko 

„ ““TeHCHBHOfl cMene nacxHu y noeepxHocxn xejia 

n HH3kOH nopOSHOCXH CJIOH M05KHO ^lOCXUrHyXb BMCOKOrO SCkk 
R ("pn Toa ace w^) HMexb a„ 6aH3Koe k 

B 3TOM „ncKyccxBeHHo“ ;iocxHHCHMOM cjiyqae 6y;ieT cnpaaea- 
vlHBO paBCHCXBO ' 

®m.nx — Kkk. max + 7,-,. . (2) 

npaKTimecKan peaniraauHH stoh HHTeHCH(})HKauHii 
Tennoo6MeHa b BbicoKOTeMnepaxypHOM cjioe MOHcex 6biTb'cBH3aHa 
C lISBeCTHblMH KOHCTpyKTHBHbIMH Tpy;iHOCXH.MH. Ho yjKe H B nOO- 
CTOM C3\qae najeHHH HedonbuiHx xen ckbosb imxeHCHBHo KHnn- 
mini BbicoKoxe.MnepaxypHbin cnoft xennoo6AieH npnennHcaercH 
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K yc.ioBiffo (9). c jpyroH cjopoHu, OTHociixenbHo MeaneHHoe 
BepriiKaabHoe j^BiuKeniie BbicoKon nnacTiiHbi ckbosb nceB:ioo>Kn- 
TK-eHHbiii C.IOH. TaK Hvc KaK Ten.iooSMeH rpaBtixamioHHo ;iBii>Kv- 
mer^CB cnoa c bhcokoh cxchkoh. ne jacx xaKoro atficJieKxa. 

B BbicoKoxeMnepaxypHOM nceBaoo>Kii>KeHHOM cnoe, KaK ii b 
misKoxeMnepaxypHOM, saeiiciix ox (ttopMbi qacxim ecaii axa 
(popMa ciKXbHO oxaimaexcH ox ccJ»epimecKofr. ii AopMv.ia (1) oes 
nonpaBO-iHoro MHOTiaix.eaH, Menbuiero e^Timimbi, cnpaBeixima 
To.xbKO ii.ia c(})epiiuecKiix n OKpynxbix Macxim. xaKiix, kbk necoK, 
ciKxiiKarejib. MHoriie Kaxaaiiaaxopbi. Ec.xii >Ke bshxb cjioh ocxpo- 
yrojibHbix qacxim maMoxa, xo k an,ax, nojcmixaHHbiM no (I) 
npHAexcH BBecxii nonpaBoqHbiii MHOJKiixe.ib 0,725 coraacno onbix- 
hwm ;taHHbiM [5], 3xo oS-bacHHexcH xeM, nro oxcvxcTBiie saxrex- 
Horo HSMeHeniiH xeMnepaxypbi nacxHu sa BpeMn 3Kcno3imnn v no- 
BepxHocxH xe,ia b conexannn c bmcokoh hx KOHueHxpamieft ?ii.xn 
MaaOH 3(|)(J)eKXIiBHOH nopOSHOCXblO C.XOH) HB.xneXCH II 3 

B03MO>KHbix, HO HO ejHHcxBeHHbiM cavHae^i ;iocxii>KeHHn MaK- 
CHMyMa K034)(|)nmieHTa xenaoo6MeHa cxeHKii. OneBiijiHo. -niax 
6yj];eT Hacxynaxb, Korjua no.xojKiixeabHoe BmtHHue VBeaimeHiin 
CKopocxH nepeMeiUHBaHHH nacxim c pocxoAi CKopocxn (biinbxpa- 
oyrjier KOMnencHpoBaxbCH OTpimaxeabHbiM B^innHiieAi pocxa 
3$(J)eKTHBHOH noposHOCTH caoH. 3x0 nonoTKCHne, KOHenno; mo- 
Hcex BosHHKHyxb jajKe npn snaqiixeabHOM iisMeHeHnn xexineoa- 
xypbi nacxHp y noBepxHocxH xejia. 

K coxia.xeHHK), noKa Hex B03Mo>KHocxn yjOB.iexBopnxe^xbHo 
BbipasHXb CKopocxb nepeMeuHiBaHHH wacxim b nenocpencxBeHHoft 
6.xH30cxn ox xena b Bii;ie (fjyHKHHii ox ja>Ke nan mohoxiic- 
nepcHoro caon ccJiepiiHecKiix nacxim. noaxoMv HeBosMOHxHo axe- 
MeHxap^ aHa^xiixiinecKH onpejteaHXb noaoKeHiie n BenimnHv 
«max. OAHaKo AOcxaxoHHO OHeBHAHo, Hxo oKpvmbie qacxHHbi 
Moryx ABHxaxbCH HHxeHciiBHo npii SHaniixeabHo MeHbiueH nopo3- 
HocxH cjiOH m, neM HenpaBiuxbHbie ocxpoyrojibHbie, naacxuHna- 
xbie H BbixHHyxbie, h Ckk. max HenpaBii.xbHbix «HenaHK)miix- 

CH» Apyr 3a Apyra nacxHii; 6yAex ycxaHaB,xiiBaxbCH na Saae 6oxee 
BbicoKOH noposHOcxH H, cJieAOBaxe,xbHo, npii nponnx paBHbix yclxo- 
BHHX (pasMepe ii naoxHocxir nacxnH. cBOHcxBax raaa) 6yAex 
HMexb 3HaAHxe,XbHO MeHbuiyK) HiicaeHHyio BejiiinnHv, x. e. noxpe- 
6\excH B (j)opMy,xy (1) BBecxii HeKoxopbift nonpaBOMHbin KoadHbH- 
mieHX HJIH (J)aKXOp 4)OpMbI. 

JlJin BbicoKoxeMnepax^rpHHx nceBAOOAinjKeHHbix cnoea ii 3 - 3 a 
ayniicxoii cocxaBJiHiomeft K03(jD(|)iimieHxa xemnoodMena, He yitienb- 
maiomeHCH c noposHocxbio, mojkho ojKiiAaxb Bce Menbiuefi Be.in- 
niiHbi noAo6HOH nonpaBKii c pocxoM xeMnepaxypbi caon. 

OSosHaHCHHa 

d— AHaMexp nacxHu; w — noposHocxb c,xoh; T„ — aSco.iiox- 
Han xeMnepaxypa noBepxHOCXH xe^ia: — cKopocxb (fiH.xbxpa- 
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min; a,jK H max — KOHAyKXHBHO-KOHBeKXliBHaa COCXaB.XflIOIU.aH 

^icT H ee MaKCHMaabHoe SHaneHHe; a.T ii a.T. max — Jiyniicxafl co- 
cxaBAHioinafl Kct h ee MaKCHMajibHoe SHaneHne; ^ct h ^max — 
K03c|)$HnHeHx xenAooSMeHa xe.xa (cxchkh) h ero xMaKCHMa.xbHoe 
3HaqeHHe; Skc n £i — cxenenb nepHoxbi nceBAOOHcmKeHHoro ctioh 
H noBepxHOcxH xejia; 0 kc — a6co2iioxHafl xeMnepaxypa nacxim 
B HApe cjiofl; >.r — K03(J)4)HnHeHx xen.7ionpOBOAHOCXH rasa; — 
n.xoxHOCxb nacxHU. 
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A. If. TAMAPHH, B. Jf. JfyffCKIffi 

^ TEnjlOOBMEHE 

nCEBaoo>KH)KEHHOrO CJIOJI C nOBEPXHOCTblO 

BeD^H'ocTB* ren:noo6MeHT^"poTeKa\^°'’°“'‘'"*“"“™ ■= "°- 

bIptS'ctSh""'” nepcHoca (reMnep^yp "B^ae?- 

OOKO® eMn\'pa?yS?^tfx"®Ztc?oB"^“T bu- 

len.ia b TaKofl ciicreMe npnBieKaCT''BHinfa^Hif“”°"‘*“‘' ”®P®b«= 

I H M = 

opoacKHii noKasaa [I], hto b o6aarTn n, ^^eBpeMnC. C. 3a- 
BaHHHiie avmtcTOH cocTaBiBronipfr TO - TeMnepaxyp caon 
3HamtTe.ibHbi.Ar. ^ocTaB.iHfomeii Ten.ioooMeHa AioTKer 6biTb 

renna npn pacaere Ten.aooi’leHrB' ncea^oolZZoM c"oT“°' 




( 1 ) 


=?l==^SSE=i=s: 


P^'4»amioHHaH cocraB.iHiomaH ren.ioBoro noTona ot c.ion 
K Ten.nooOMeHHoH noBepxHocTii 

‘?p = »„C„I0-*(r|-7'J|. (2) 

TaK KaK creneHb nepHOTbi nceBaoo>Kii>KeHHoro c.ioh 6iii3Ka k 
e,lHHnue [1], npn6.iiiH<eHHo mo>kho npttHHTb e^paBnCft e 
BX^T TeMneparypa creHKtt T, „ Te.MnepaxA^pa a^pa T 

TeMoepaxypa 6.in>KaHLHnx k cxenne pl^OB 
xnep.ibix Hacxim, Koxopbie «bh;iiix» CTenna. Mo>Kex ox.iHHaxbca 
ox xe.Mnepaxypbi ajpa nceB.ioo>KH>t<eHHoro c.ioh npngjiimaHC- 
K TeMnepaxype cxeHKir. TeAinepaxypa 3x„x Macx tH Sy^e^^aBn- 
cexb ox i.HxeHCHBHocxH Hx nepe.MemHBaHna it noposHoc?; cio" 
B o6.iacxif MaKCH.Aia.ibHoro BHaneHna K03(})(})iiuiieHxa KOHBeKxiiB 
HO-KOHTtvKXHBHoro xen.ioo6.MeHa HHxeHCHBHocxb nepeMemMam^^^ 

HO^HeBemfro°R^r''“^ Be.iriKa, a pacrnttpeHiie c.ioa oxHOCHxe.ib- 
Ho HeBe.iirKo. B sxirx yc.ioBitax xeMnepaxvpa aacxim y noBeox- 

Tv oir a^in^cJn SHamixe.ibHo ox.inqaxbca ox xeMnepa- 

Ho?a pacaexa pajiiamioHHoro nepe- 

Hoca xen.ia .Moa<Ho BocnojibsoBaxbca vpaBHenneM (2 ) b kotodop 
B xo^itx xeMnepaxypa ctchkh tt a.ipa c/oa. 3xa 3aBHc!rMocxb ^aex 
lOBOM ° MaKciiMa.ibHo B03M07KH0M paj.tauHOHHOM xen- 

Hocra rpaHime nceB.aoo>Kna<eHHoro c.ioa h noBepx- 

" (2), nonbixae.Mca oueHHxbOXHociixe.ibHyio 

Jlo.iJo pa3,HamtoHHoro noxoKa xen.ia: 






^KK io«(ri — r.)>. “40^ 


(3) 

Honn aacxH (3) CXOHT npon3Bej,eHiie jbvx KOAtn.ieKcoB 

. ™o“;'TBr3n“r""n aaBBcamHe OT TeMne”®, 

nb^nTnl ' KOMmieivce cxpynniipoBaHbi napaxiex- 

n cxchLi ^ (jinannecKiie CBoftcxBa .mcnepcHoro Maxepna.ia 

jaHHoro .iiianaaoHa xeMnepaxyp 
Ten.ionpoBoaHocxb raaa aB.iaexca .iHHeHHofi 
f^vHKmteH xe.Mnepaxypbi: X = /.o (1 + bT,^) [31 Torjia neoEMfi 
KOMn.ieKc .Mo>Kex 6biTb sanncaH b c.iejyiouie.M Biije: ^ 


A = - 


(4r^p-f-Ar2) 


10^237^^ + 0.403)' 
II (|)opMyvia (3) npHMex npocxyio (})opMy 


‘/kk 


40Ym 


,0.55 


(4) 


(3a) 
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cHCTeMH, nepenaAa TeMnepaxyp ii ;iiia.MeTpa Macmu: ^ 

- 5-npH A r cooTBeTCTseuHo 100 “K: 400; 800; 1200; 1600: 2000; 2400; 2S00 ii 2 r ■ jn ~ 
lo — npH d cooTBeTCTBCHHo 0,1 mm; 0,2; 0,5; 1; 2 ii 5 mi 

nepaxyp HeBeanKa (A7<100°K). Ha piicyHKe (d) HaneceHa sa- 
BHCHMocTb ,nojiH pajiHapnoKHoro noTOKa Ten.xa (Qd/Qk^) ot komh- 
JieKca A jiJi9i HecKOJibKHx ,ziHaMeTpoB ^acTHu,. 

pncyHKa, ,^OJIH pajiHamiOHHoro nepeHOca xemia 
MeTKRy cTeHKOH H nceBAoojKHjKeHHbiM c.ioeM HenpepbiBHO Boapa- 
CTaer c noBbimeHHeM TeMnepaxyphi (r^p h AT), a xaKJKe c vbp- 
KDvnHbix^ AHaMexpa t^acxH^. B od.xacxn bhcokhx xennepaxyp h 
excB doLe pSkS pa^nauHOHHoro xemxoodMeHa noBbima- 

HoCKOJIbKy XOxiHOCXb SMnHpiiqeCKHX saBHCHMOCxefi JJI 5 I KOH- 
^yKXHBHo-KOHBeKTHBHoro xemxoodMeHa .xen^Hx b npe^e^ax 6-^ 
cqHxaxb, qxo pojib pajiHauHOHHoro nepenoca 
xenjia dy^iex aaMexHOH, ec.XH ona npeBbimaex 15%. Ha rpadiHKe 
ox,nejieHa uixpuxoBOH BepxHKa.xbHoft npHMoft HpaK- 
xiiqecKH npn pasHocxH xeMnepaxyp ne Bbime 400° ji,xh qacxHii 

unme 700^K cooxBexcxByex cpe,XHiiM xcMnepaxypaM 

miTKe /OO K. Han dojiee Me.XKHx qacxim npejie.i xeMnepaxyp 


<xejKiix HecKo,7bKo Bbiuie. TaK, ti.ih qacxim 0.1 .lui npen,enbHaH 
xeM^nepaxypa c.ion, Koraa vHve cneavex vqiixbiBaxb pa,xiiamioH- 
Hbiii nepenoc xemxa, 6y;iex nopH,xKa 900° K. Haodopox. a.xh donee 
KpynHbix qacxim npenenbnan xeMnepaxypa dynex HiiJKe; xax, 
,H.XH qacxHii 5 jilw oHa paBHa 500° K. ' 

Cnenyex oxMexiixb, qxo b odnacrii noBbimeHHbix xeMnepaxyp 
H oxHOCHxejibHo dojibiiiiix miaiMcxpoB qacxim nonn panHaimoHHOii 
cocxaBnmomen MOJKex nocxnraxb saMexnbix Beniiqiin. HanpnMep, 
npH xeMnepaxype nceBjiooavimmHHoro cjioh 1500° K ii xeMnepa- 
xype noBepxHocxH 1100° (T = 1300° K n AT = 400° K) ajih qa- 
cxim 2 MM 113 rpa(|)iiKa naxoniuM, qxo xennoBon pannaimoHHbiii 
noxoK npiiMepno panen KOHn^mxHBHO-KOHBeKxiiBHOMy. 

npiiBeneHHbie Bbime coodpa»:eHHH jaiox bosmohvhocxb one- 
HHXb xox HiiJKHim xeMnepaxypHbiH ypoBenb, Kor,xa :\io>kho npe- 
nedpeqb pa,miamioHHOif cocxaBJiHiomeft xennoodMena. 

OdosHaneKHsi 

d 4HaMexp qacxHu; Cq — KoaiJi^iimHeHx nyqencnycKaHiiH 
adconioxHO qepnoro xena; — pa,a,HanHOHHH8 ii koh^vk- 

XHBHo-KOHBeKXHBHbiii noxoK xen.xa; T'l, 7^2 — xeMnepaxypa xen- 
ncrndMCHHOft noBepxHocxii n Hn,pa nceBnooHcii/KeHHOro cnon; 
AJ pasHocxb 3XHX xeMnepaxyp; T^p — cpe;];Heapn(|jMexHqecKan 
xeMnepaxypa ciicxeMbi; s,,, s^t— cxenenb qepnoxbi npHBe,zi;eHHaa 
H cxeHK'ii; /. xennonpoBonHocxb rasa; Ym — mioxHOcxb qacxim. 

.1 H T E P A T P A 

I. C. C. 3 a 6 p o . 1 , c K Ii ii. riupoaiinaMiiKa ii Ten.ioo6Men b nceBaoo/Kii- 
yKeiiiiOM c.ioe. r3H, 1963. 

o’ n- 2 P e n K o. K. E.^ M a x o p ii h. HO;*;, .Vg 5 , 1964 . 

^ ^ ® TaS.iiiiibi 4>ii3imecKiJx ii xiiMimecKiix nocToan- 

ubix. M., 1962. 
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rio.iyHeHHoe .iHHefiHoe AH4)(|)epeHmia.ibHoe vpaBHeHjie onii- 
CLiBaex nepeMemeHHe uenxpa THHcecrii c.ioa b KOHn^ecKoft pe- 
Topxe. KaK bh;i,ho 113 (5), paccMaxpiiBaeMaa ciicxeMa b Mexann- 
iiecKOH aHa;iorHH npe^cxaB^Hex co6oft Te.xo c Maccoft m, noj- 
BeuieHHOe Ha npyacHHe c vKecxKocxBio ^Re'j, Ha ivoxopoe ^efi- 
cxBvex BHeuiHHH CH.ia Gm npii HajiiHiiiH b ciicxeivie xpeHHH. 

^ ^ ycjioBHH, Korja Macca Ma- 

p r~ I r TepHajia b choc HeHSMeHHa, 

/ 2! J 41 ^ saKpenjieHHbHf Konea npy- 

/ I I >KHHbr coBepmaex rapMOHii- 

II I aecKne KOJie6aH]i5i, cooxBexcx- 

I I i I syioT saaaqe, npii Koxopoii Bee 

T 1 — f 1- Maxepnajia II cKopocxb noxoKa 

/ / / I ® pexopxe nocxoHHHbi bo Bpe- 

I / / I MeHii, a caMa pexopxa coBep- 

I 11 I luaex BOSBpaxHo-noCTynaxe.ib- 

I II I Hoe aBHJKeHiie Bjojib noxoKa. 

,/0 / / / |_ ripiiaxoM oxHociixejibHoe pac- 

I 1 I I cxoBHiie MeiKay ueHxpoM xa- 
I II I ^eexH c.ioH II BepxHeii rpa- 

I I I HHueft KOHyca pexopxbi (b 

f ' / / nepeMeHHbix ypaBHeHiia (5) I 

j I I I 6yjiex H3MeHnxbCH no cootho- 

T T — f j — ineHiiio 

/ I / 1/ = //i -f yo cos to t. 

/ J j Tor^a 113 (5) Haxo;i.fiM 

/ • SaKOHOMepHOeXI! ABIUKCHIiq 

Q/ 02 0.3 OA ^ 0,5 s XHJKeCXH CTIOH OXHO- 

D,,, o " cHxejibHO K'o.xeoJiiouieftca pe- 

Pjic. 2 . CraTimecKaH xapaivTepiicTiiKa kh- ^ " 

nsmero (4)0HTaHHpyiomero) c.toh; tupibi. 

cinn; S = ^ ^ - «tho- my^ — hy^ /e Ro'nl/i = Gm -f 

CliTe,lhH;35I IvOOp;iHHaTa UeHTp.1 TaJKCCTlI C.lOH B 

POTCPTC: /. 2 , 3 , 4 ~Rsa-= 22 \. 166, 110, 55 -j-f/oSin (<0 / q)). (6) 

•CaBjir no (|)a3e MeiKjiy nepeMeineniieM pexopxbi ii ciinofi 
tp = arc cos h to _ k Re^O" — {h to)2]-o.5 

Bboah hobvio nepeMeHHyio z = i/i , (6 ) moikho npex- 

k Re" 

cxaBHXb B c.ie,nyioiii,eM Bii,zie: 

mz — hz -r k Re" 2 = i/o sin (to <p ). (7) 

KaK Bn,nH0 113 (7), 3anaHy o rapMOHimecKiix KoaeCaHiinx 
pexopxbi MoiKHo cBecxii K paccMoxpeHHK) 6o.iee npoexoro exynaa 



j.BiiJKeHiifl rpyaa Maccon m, nonBemeHHoro na npyiKHne c no- 
exoBHHofi iKecxKOcxbK) ^ Re^(] , Ha Koxopyio neftcxByex nepiionn- 
necKan BHeiuHna ciijia c aMn.iHxyAon r/o , ctfBHHvxan no ({lase 
oxHociixe.xbHO nBiHKeHiisi pexopxbi. 

nepenaxoHHaH (|)yiiKmiH xanoii cncxeMbi 

+ (8) 

Axinjiiixyna KoneGaniiH cnon Moneex obixb HaiincHa 113 Bupanie- 

HHH 

= yo\{k Re« — m to-)-- -f {h to)2]-o-5 . (9) 

npii 3X0-M iiMeex Meexo cnBiir no tjiaae xieiKny AeftcxsiieM BHeiii- 
iiefi ciinbi II nepe.MemeHiieM cnoa 

tpi = arc tg [/i to Re" — /nto^)-!]. (10) 

SaBHciiMocxb (8) oxpaiKaex xapanxep BocnpiinxiiH cncxeMon 
n.eficTBHH BHeuiHeii nepiio;iiiqecKOft chjih. B SHaMeHaxe.xe (8) 
cxoiix cvMMa jiHHaMiiqecKHx avecxKocxeii oxn;enbHbix sjieweHxoB 
ciicxeMbi: Maccbi (/n <»>-), xpeHiiH (Yto/i) n „npyaciiHbi“ (/eRe"), 
riojiyqeHHbie saBiicHMOcxii He Bcerna nenocpencxBeHHo Moryx 
obixb HcnOcibsoBaHbi njin pacnexa peajibHbix yexanoBOK, onnaKo 
OHH nosBonniox cnejiaxb HeKoxopwe KaqecxBeHHbie cyxijieHiiH o 
iioBen^eHHn cnon b pexopxe. Tan, nanpiiMep, ecjiH npii' noBbimcH- 
HOH qacxoxe nyjibcannii pexopxbi Heo6xoniiMo coxpaHHXb sajiaH- 
Hyro aMnniixyny KOJieSaniiH cjioh, xo cnenyex vMeHbiiiHXb Maccy 
Maxepnana b pexopxe. 3xo oStHCHnexcH xeM, qxo c VBenHqeHHeM 
qacxoxbi ;xiiHaMiiqecKa5i HiecxKocxb Maccbi pesKo" Bospacxaex 
(xiacca njioxo nepejiaex noBbimeHHbie qacxoxbi) . 

Macxo TKenaxejibHo coxpaHHXb b CHcxewe qacxoxy, aa^aBae- 
xiyio BbinyvKneHHbiMH KOJieSaHiiH.MH, ii cosnaxb ycviOBHH, qxo6bi 
coOcxBCHHbie KOTieOaHiiH ciicxe.Mbi aaxyxanii. B 3xom cjiyqae 

( ktfl \ — 

Re" — 0,25 j BbiOpaxb 

nocxaxoqHO SoJibuiiiM. 

B KacKanHbix yexanoBKax nyobcamm cnon b pexopxax nponc- 
xonnx BCJiencxBiie nepiionn^iecKoro iisMeHeHiin cKopocxii noxona. 
nocjie^nnee Moneex nocxiiraxbCH b pesyeibxaxe paOoxbi cnemia.xb- 
Horo nyobcaxopa, Koxopbifi nepiionii^ecKii iisMeHnex conpoxiiene- 
Hiie cexii. B sxom cnyqae neiiTKeHiie nenxpa XHJKecxii cjioh b ko- 
HycHoii pexopxe npiiojiiiiKeHHo oniicbiBaexcH vpaBHeHiieM (5), 
B KoxopoM Be.inqiiHa ftRe" HBnnexcH nepnonnqecKou (JiyRKmieii 
BpeMeHii. HpyniMii cnoBaMii, paccMaxpiiBaeMan ciicxeMa .Moneex 
obixb cBenena k Mone.in. cocxonineii 113 rpy3a Maccon m, nonse- 

5 . Xcn.io- Ii m.-iccooGmch 65 
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lueHHoro Ha /KecjKocib KoropoH rapMonnqecKii H 3 Me- 

H 5 ieTC 5 I BO BpeMeHII. 

SaMeHoii nepeneHiiori i, = i exp x'l vpaBHemie (5) 

' 1 m I 

MOHveT 6 t.rTB iipepcTaB.ieno b c.iejiyiomeM eiue |2]; 

V-0,-yL (--I A 7j ^ 

\ 2 rn ' 

r^e 


0(.) 


k Re" 
m 


2 

4 



0\HKmiB B npaBoii MacTii (11) npn t->oo CTpe.MiiTCJi k hvak). 
CeTe.iOBarenbHO. b yc.ioBiisix CTa6iKiii3iipoBaBujeroc5] peHviiMa 3 a- 
KOHOMepHocTii ABUHveHiin cnoH B KOHVCHofi peTopxe M07KHO onii- 
caxb oAHopoAHbiiM AiicJicJjepeHmra.ibHbiM vpaBHeHiieM Xii.i.ia pe- 
memieM Koxoporo 6y;iex cneayioman (ftyHKmia [2]: 

U = Cl <P, (-) exp (ai -) — Co (x) exp (>,oX). ( ] 2) 

S^ecb Cl II Ca — npon3BO.ibHbie nocxoHHHue; /-i , /.o — xapaK- 
TepHCTHBecKiie noKasaTe.xii; 0i n 00 — nepno;inqecKiie (|)yHKUHif. 

B oomeM cjiyqae xapaKTepHctimecKiie noKaaaxe^H — Be.ip- 
’wiHbi KOMaxeKCHbie ii, C7ie;i,OBaTejibHO, exp/. = exp-/; exp (?y). 
5 MHOJKeHne nepiiortnqecKHX (JivHK-mift 0i h 02 na exp(/Y') bh- 
30BeT To.7ibK‘o c^Bnx no (Jiase ii He OTpaaiiTca na iiSMeHeHim nx 
3HaqeHHfl sa nepHo;i KOJieoaHHH. B xo yue Bpe.MH HaTiHqiie co- 
MHOJKHTevlH exp (y,x) ^pHBO;^IiT K HSMeHeHIilO (jjyHKUHH 3a nepiio;t. 
no3TOMy npH MHiiMbix xapaKTepHCTHHecKiix nok-aaaxejiHX (•»i = 0i 

nojiyqeHHoe pemeHiie npe;xcxaB.xHeT coGofl nepHOinmecKyio 
orpaHHHeHHyio c^yHKmiio, no nacToxe h a.vin^HTy^ie ox.mHa'io- 
myiocH ox xapanrepa nyTibcaunii CKOpocxH noxona. 

npH p =7?=0 II x->oo no.xyqeHHoe pemeniie OKasbiBaexcn ne- 
ycxoHHiiBbi.M 11 HeorpaHiiqeHHo Bospacxaex. Cxyqan, Kox:ia nepiio- 
AiiqecKoe iiSMeHeHiie napaMexpoB ciicxeMbi BbisbiBaex ee pacna- 
qiiEaHiie, nooyqji.T iiaaBaHne iiapaMexpimecKoro pesoHanca [2, 3], 
B pea.xbHOii ciicxe.Me npii Haniiqiii! xpeHiiq ii HeaiiHei'iHon cxaxiiqe- 
CKOii -xapaKxepiicxiiKii HeorpaHiiqeHHbiii pocx aMinxiixvAbi HeB03- 
MOHven. AxmanxyAa 6yAex pacxii :io xex nop, noKa pacxop; anep- 
rini Ha iisMeHeniie napaMexpoB ciicxeAibi ne ypaBHOBeciixcn noxe- 
pHMii Ha xpeHiie II b Hen ycxaHosaxcn ycxonqiiBbie KOTiefianiiH. 

npoBeaeHHbiii aHa.xiia ,xaex KanecxBeHHoe o6x.HCHeHiie Had.xio- 
paeMoro na Mo^xenax ir onwxHbix ycxanoBKax HapyuieHiia pe/KiiMa 
ny.ibcamiH .xBiivKeHiia xsepapii (|)a3bi. npii Koxopo.ti peaKo Boapa- 
cxaex a:\in.xiixyAa n\\ibcamifi ii c.ioii no.iHOcxbio «vxo3,iix» 113 pe- 
xopxbi. 
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I 

riynbcnpyiomee nepe.AiemeHiie cnon b KOHimecKofi pexopxe 
MOTKex BosHHKaxb II npii oxcyxcxBiiii BbiHy>K,xeHHbix KO.aedaHHii 
pacxo7i,a >KHii,Kocxn, Korp,a Maxepiian b pexopxy nocxynaex Henpe- 
pblBHO II paBHOXiepHO. npiI 3XOM CBM C.XOIi BblHOAHHex (JlVHKmiiO 
K.xanaHa-ny.xbcaxopa, iiaMeHHiomero nepiiox.HqecKii CKopocxb no- 
xoKa JKibXKOCxii. OAHOBpeMeHHo Maxepiia.x oxaenbHbiMii nopuna- 
Mii npoBajiHBaexcH qepea hii>khiok) ropAOBimy pexopxbi. B pe- 
ay.xfaxaxe sxoro Macca Maxepiiajia b annapaxe nepHOX,iiqecKii 
i iiSMeHHexcH. B nepBOM npnSniiyKeHiiii j.BH>KeHHe Maxepnajia b pe- 

' xopxe Mo/Kex 6bixb oniicano jiH(|)(|)epeHmia.xbHbiM ypaBHeniieM, 

i aHajioniqHbiM (5), npn ycjioBiiii. mxo Macca c.ioh HBnnexcn 4)yHK- 
miefi BpeMeHII. 

Cjiejiyex ox.Mexiixb, qxo peanbuan cncxeMa sHaniixecibHO 
c.xoH<Hee, HMeex HenunenHyio naaaiomyio xapaKxepncxiiKy n 06- 
na;iaex xpeniieM. 

HapH,xy c oxMeqeHHbiMii saKOHOMepHocxBMii Ha 3,Bii>KeHne c.xon 
oKasbiBaex BniiBHiie xaK>Ke saBiiciiMocxb Me>Kx,y Maccofi Maxe- 
pHa.ia B pexopxe n CKopocxbio noxona, Koxopan b KO.xeSaxe.ibHofi 
ciicxe.Me nrpaex po.ib oSpaxHoii cbh3h. Bc.iex.cxBiie iiHepmioH- 
Hocxii cxon6a >khxkocxii aeftcxBiie o6paxHoii cbhsh HecKOJibKO 
sanas^biBaex, nxo BbiabiBaex cabiix (Jiaa Me>Kay ciinoft 11 nepeMe- 
meniieM. 

B CBH3II c 3XIIM 3:a>Ke npii paBHOMepHoii no,xaqe Maxepna.xa 
B pexopxy B03HHKaiox ycxoiiqiiBbie KOJie6axenbHbie jBii>KeHii5i kii- 
namero caoH.B KacKax,Hoii ycxanoBKe. 

ripoBeAeHHoe nccjie;iOBaHiie HBanexcH nonbixKofi iicnojibso- 
Baxb odmiie nojiGiKeHiiH xeopiiii KoneSaHiiii k KaqecxBeHHOMv 
iisyqeHHK) aiiHaMiiKii jiBiuKeHiin xBepj;oH cjiasbi b KacKa. 3 ,Hbix 
ycxanoBKax. 

OSoBHaqeHHH 

P — no^a.'be.MHaa ciuia: in — xiacca Maxepna.ia b cjioe; .v, //, 2 — 
KOopAHHaxbi; /'o — pafliiyc pexopxbi b BepxneM ceqeHiiii; n — 
nOK'asaxe.xb cxeneHH, l<//< 2 ; w — npyroBaH qacxoxa; a — yro.x 
pacKpbixHH KOHyca: x — epeMH. 

, Jl HTEP.A.TyP A 
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A. M. ry.niOK 


O HEKOTOPbIX OCOBEHHOCT 5 IX rHAPO;i.HHAMHKH 
nCEBAOO>KH>KEHHOrO CJ 105 ! nPH OKHEAHHH 
B HEM >KHZlKOrO TOnjlHBA 


HseecTHbifl HHxepec npeACTaBJiHex nsyqeHne xapaKxepa nceB- 
i^ooHCH^eHiiH npH xiiMimecKHx peaKpHHX, Kor^ta b caoe nponcxo- 
mr iJSMeHeHiie xeMnepaxypbi ii KOjinqecxBa nceBjioo>Knmaiomei "5 
cpeAbi. B jiHxepaxype [1] axox Bonpoc ocBemen He/i.ocxaxo»iHO. 

PaccMoxpiiM HBOxepMimecKHH BbicoKoxeMnepaxypHbiH aioi'i 
Sea ropeHHH npii ccxpaneHUH BecoBoro pacxo^ta nceBAOojKUTKaio- 
mero rasa. HaMeneHne rH;ip07i.HHaMHKH xaKoro cjioa no cpaBne- 
Hirio c xojiojiHbiMii yc.xoBHHMH MOJKHo oueHHxb oxHouieHHeM qiice.x 
ncesjloo^cHmeHiiH iV .2 .V]. Ecjih BocnojibsoBaxbCH oSbiqHbiMH hh- 
xepno-riBUHOHHbiMn {J)opiMyjiaMH pacmnpeHHH cnoa, xo npn nepe- 
xoa,e ox nceBa.ooHiH>KeHHoro axon c xeMnepaxypoft ti k cnoio 
c xeMnepaxypoft nojiyqaeM 

-Vs _ Gn.yl _ Ren.vi 

-V. Re„.,2!X2‘ 

rioacxaBHB sHayeHHH KpHxepun PeftHo.xbflca, noAcmixHBaeMbie 
no iiasecxHoft nHTepnojinmtoHHoft (fjopMvne [2], inieeM 


'^Vg _ Afi (1400 -1- 5,22 I At^) li-i 
^Vi ~ Ar2(1400-f-5,22v'Af^)[X2 ' 

Cjiynafl onenb MejiKHX qacxHu, Smji paccMoxpen b [3], n 
xoFAa npn coxpaHeHHii secoBoro pacxo;ta rasa (G^ = const) 

N./Ni = V 2 /V 1 . (3) 

XlTin KpynHbix nacxim (Sojibiune nncjia Ar) c HeKoxopbuni jxo- 
nymeHiiHMH vpaBHeHiie (2) mox<ho ynpocxiixb ii npiiBecxii k BH;iy 


N. 

N, 



(4) 


TaKHM oSpaaoM, na (3) n (4) Bnp,Ho, nxo c.ioeB xBepa,bix 
qacxim, nceBa,oox<n>j<eHHbix raaoM, c noBbiiueniieM xeMiiepaxvpbi 
cnoH (i' 2 >?i) ancno nceB;iooHcnx<eHiiH yBenimuBaexca. 

Bbijio noK'aaano [4], xxo nyjibcauHH jiaBTienHa b nceBAooxvii- 
x^eHHOM cnoe CBnaanbi c npoxo^KaenneM nyaupeft n iiaMeneHiieM 
68 


! 




i 



\ /vi 

T 

w 

t/ 

W v/ 



Bbicoxbi cnoB. Ecnii yqecxb, qxo mtcno nceBnooxviix-ceHiiH oxpaxoex 
THjlpoAHHaMHqecKyio oScxaHOBKy b cjioe, mo>kho npe;i,no.iojKiixb. 
qxo npii BbicoKHx xeMnepaxypax neoAHopoAHocxb nceB^oox^nave- 
Hiifl ;i,oj]>KHa Boapaciaib. ^eftcxBuxejibHo, ecmi c yBennqeHneM 
qncjia N ocxaeMcn b oS.xacxn Heop.Hopoa,Horo nceBa;oojKnxceHHH 
[3], xo 60 a bin a a nonn raaa Synex npopbiBaxbcn qepea cjioft b BH^e 
nyabipeft: ohh Syjiyx Kpynnee ^ 

II aMnjiHxy;ia ny.xbcamift jaB- 
neHHH n,ona<Ha yBejinquxbCH. 

iljiH BbiacHeHHH xapaKxe- 
pa nceBjiooxiHJKeHHH npii ne- 
pexo;ie ox xojiojiHbix ycjioBiift 
K BbicoKoxeMnepaxypnoMy 
cnoK) Sea ropennH n npn ro- 
peHHH B neM xiiijiKoro xonjin- 
Ba (cojinpoBoro Macjia) SbiJiii 
nocxaBJicHbi cnemiajibHbie 
onbixM. . SKcnepuMenxajibHaH 
ycxanoBKa npejicxaBJiHJia co- 
Soft miJiHHripHqecKyio kojioh- 
Hy H3 KBapneBoro cxeKJia 
c BHyxpeHHHM jinaMexpoM 
75 MM H Bbicoxoft \ M. B HHJK- 
neft qacxH xpySbi na^ peniex- Phc. 1 . Ocmi.i.iorpaM.Mu nv^ibcauMu ;^aB- 
KOft c JKHBbIM ceqeHHeM 25% •’^huh b nceB;;ooacH}KeHHOM c.ioe (dcp = 
(;inaMexp oxBepcxnft 1,2 mm) =^ — 7 .h.v, //„ = lOO .w.m, APep -- 
nceBAOOJKHJKajiCH cjioft Kpom- ^ 

KH AHHacoBoro Kupnnqa njiox- 
HOcxbK) 2200 Ke/M^. Onbixbi 
npoBojULXHCb c (JjpaKUHeft Maxepiiajia 5—7 mm. Ha ypoBne 
pemexKH iiaMepn.xocb cxaxnqecKoe ;iaBjieHiie b cjioe. Hyjib- 
4aBJieHHH aaimcbiBajiHCb na n.xeHKe ocmmnorpacba 
i iOO-2. MsiVieHeHHH zi^bjichhh b cjio 0 npeoSpasoBbiBajiiicb 
c noMoinbio HHjiyKnHOHHoro MocxHKa, aHajiornqnoro oniicanHOMy 
B [4], CoScxBeHHaH qacxoxa cncxeMbi oxSopa jiaBJieHHH no no/i- 
cqexaM cocxaBJiajia okojio 200 8t{j qxo noaBOJiHJio jxocxoBepHo 
c|)HKCHpoBaxb Bce KOJieSaHHH jiaBJieHHH B cjioe qacxoxoft rnuKe 
OSpaSoxKa ocnnjiJiorpaMM nponaBojliijiacb mcxojiom 
rpa<})HqecKoro HHxerpnpoBaHHH. 

CpaBHenne ocnnjiJiorpaMM noKaabiBaex, qxo npii =const 

BbicoKoxeMnepaxypnoro cjioh xapaKxepno yBejiimenne aMnnn- 
xyn.bi nynbcanufi naBJieHHH npn Majio HaMeHHiomeftcH qacxoxe. 
npn xeMnepaxype CJIOH 293° K (pnc. \,e) aMnjinxyjia nynbcannft 
P,aBJieHHH cocxaBjiH.,ia 5,5% ox ero cpejinero aHanennH npn qa- 
cxoxe nyabcamift 2,25 ripii xemnepaxype cjioh 1273° K 
(pnc. 1, o) aMnnnxyn.a n qacxoxa paBHw 13% n 2,12 8i^. Tanoe 
naMeneHne xapaxxepa nceBaoo>KHHceHiiH cornacvexcH c (2) n (4). 
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ripii OKiiraHHii yKiij,Koro TonnuBa b nceBjioo>Kii>KeHHOM c.7oe 
o6iii.ee BecoBoe KoonqecTBo nceBiioo/KiiyKaiomero arenra HecKo.nb- 
Ko yBejiiiMirBaeTCH. B Hamux onbirax 3 to vseoiiMeHiie cocraB.iHOo 
OKoao 5% OT BecoBOft no;iami B03;iyxa. 3a ewer iisMeHeHiia xhmii- 
qecKoro cocraBa rasa ii3MeH5itOTCH pcH p. C ymctom sthx nonpa- 
EOK npii TeMneparype c.ioh (1273° K) 6e3 ro'peHiin AA^/iVi =2,82. 

Ec.th cquxaTb, mto riij;poAHHaMiiKa cncreMbi b stom c,qyqae 
onpejiejiiieTcyi micooM N, mo>kho 6bi7io 6bi OHCiinaTb, qxo HeoiiHo- 
poTiHocTb nceB7too7Kn>KeHHH iipii ropeHiiH 6v;ieT HecKOJibKO Bbiiue 
qeM npir TOH jkc xeMnepaxype c,xofl, ho 6e3 VopeniiH. 

B .neHCXBHxe.xbHocTii npif ropeHnii >KH3,Korc xon/iuBa Ha6jiio- 
Jia,iocb ycnoKoenne cooh (puc. 1, a) ii aMn.xiixy3;a nyxxbcamiH 
j,aBjieHHH 6fai.,xa 5,5% ox ero epej^Hexo 3HaqeHHH, nacxoxa — 5 2i{. 
3x0 MOJKHo HHxepnpexiipoBaxb kbk y.MeHbuieHiie pasMepa h yee- 
,TiiqeHHe qiic.xa raaoBbi.x nysbipeft, x. e. yBejiimeHne o.HHopoji- 
HociH c,ioH. AHanontHHoe usMeHeHne xapanxepa ncesAOOHCHJKe- 
HHH npii OKiiraHHjH B c,xoe rasoBoro xon,xiiBa oxMeqa,xocb b pa- 
ooxe [1], no cpaBHeHiiio c «xo,xoiiHbiM» cjiocm aMnjiHxyAa nyjib- 
capHH ;taB.TeHH5i b c.xoe cxanoBiiJiacb MeHbuie npii ojximaKOBOM 
oxHocnxe,ibHOM pacmupeHHH. 

noBbimeHHe onHopoiiHocxii nceBjioo>KHH<eHHoro c,xoa npii 
GHviiraHHii B HeM >KiijiKoro xoBcXHBa MOJKHo o.SxiHCHHXb Hapyiiie- 
HiieM cxa6n,xbHOcxn KpynHbix rasoBbix nysbipefi ii3-3a noHBjieHHH 
BHyxpiI C7IOH .aonOJIHIIXe^XbHblX CHJI, CBHSaHHHX C 6bICXpbIM iicna- 
pcHiieiM jKH7i.Koro xon,xHBa, BocnjiaMeHeHneM ii xopeHneM sxhx 
iiapoB, cii,x, coiisMepii.Mfaix c riupo/niHa.MiiqecKiiMH cHJiaMH, ^.eft- 
CXByiOmil.MH B OdblHHblX nceBj,oo>KH>KeHHbix c.xonx (b oxcyxcxBite 
ropeHHH). /XcTajiii pasBuxHH axiix chji .naBaeniin ii MexaHHSMa 
npe.HoxBpaiu,eHiiH o6pa30BaHHH KpynHwx nyabipefi noKa He hchbi. 
no-Bn.a,HMOMy, Handojibrnee sHaneHHe itioryx iiMexb xiecxHbie 
BecbMa KpaxKOBpe.MeHHbie rroBbiuieHHH jtaBjieHiiH BHyxpit njiox- 
HOH («3MyjibcnoHHOH») (Jiasbi cjioH npn oqeHb 6bicxpoM iicnape- 
HHii nonaBLUHx xy/ia xaneaeK xonjiiiBa ii npii BcnbiuiKe (Bocnjia- 
.AieHeHifu) iix napoB. 


n H r E P A T P .A. 

i- C. C. SaopoacKHM. IIcp>K, A? 2. 1962 

2. B. a. r o p o m K o, P. 5. P o 3 e h 6 a v m, O. M. T o .a e c. Hsb. Bvson 
He(|)Tb II ra3, ,Ve 1, 1958. 

3. C. C. 3 a 6 p o 3, c K H H. riia,poa,unaMHKa ii Ten.ioo6Men b ncesiooiKii- 
vK-eHHOM (KiinameM) caoe. r3H, 1963. 

4. A. H. T a M a p II h. Al- 7. 1963. 


r. M. dJlbKHH, 3. P. rOPEIIC 

HCCJIEAOBAHHE SaEMEHTOB MEXAHHKH, 
A3POAHHAMHKH H TEnjlOOBMEHA 
B «TOPMO>KEHHOM rA30B3BECH» 

PeKvnepaxiiBHbie BOSAyxonoAorpeBaxe.xii HapHAy c hh3Koh 
34>(J)eKxiiBHOCXbio xennoooMeHa n 6ojibiiiiiMii saxpaxaMii Mexanaa 
Ha IIX iiaroxoBAeHiie Ha paAe KOxe.xbHbix arperaxoB nepea 2 — 3 
roAa paooxbi bhxoahx iis expoH BCJieACXBue khcaoxhoh Koppo- 
31111 [1]. B CBH31I c 3XI1M Heo6xoAnMO iioBHuiaxb xeMnepaxypy 
yxoABUiiix rasoB ao 200 — 230° C. hxo b cbokj onepeAb CHii>Kaex 
SKOHOMiiHHOcxb KOXAB. SaxieHa peKynepaxiiBHbix BoaAy-XonoAorpe- 
Baxe,aeH pereHepaxiiBHbiMii xiina «IOHrcxpe\i» He BcexAa Aaex 3 ko- 
HOMimecKHH 3c}i43eKx H3-3a yseAiiHeHiiH pacxoAa 3AeKxpo3Hepriiii 
Ha xHxy H Ayibe BCAeAcxBiie 6oAbmiix nepexeqeic BOSAyxa, .xocxii- 
raiomux 15 — 25%. 

TenAoo6MeHHiiKii xiina «ra30B3Becb» Moryx 6bixfa uiiipoKO iic- 
noAbsoBaHbi B KaqecxBe BosAyxonoAorpeBaxeAefi b KOxeAbHoii 
xexHHKe, a xaKH-ce b pnAC Apynix o6AacxeH TexHiiKii b KaqecxBe 
perenepaxopoB pasAiinnoro HasHaneHiiH. HapHAy c bwcokoh iih- 
xeHCHBHOCxbK) xenAOoOMeHa ohii xapaKxepHsyioxcH oxcyxcxbh^m 
saxpax xiexaAAa Ha iiaroTOBAeniie noBepxHocxeft HarpeBa, xayOo- 
KHM oxAaHCAeHiieM yxoAHLUHX raaoB KOXAa des onacHocxii khc- 
AOXHOH Koppo3iin noBep.xHocxeH Harpesa npii cooxBexcxByiotu,eM 
noAorpeBe BOSAyxa. FAydOKoe oxAaacAeHne yxoAflUiiix raaoB npii- 
BOAHX K SHaqilxeAbHOMY nOBblUieHHK) SKOHOMHHHOCXII KOXAa. 

Ha oahom H 3 KOXAOB Oagcckoh T 3LI. dbiA noexpoeH ii iicnuxaH 
BOSAyxonoAorpeBaxeAb xnna «npoxnBoxoqHaH ra30B3Becb» c Me- 

xaHHHecKiiM H aapoAHHaMimecKHM xopMOHveHiieiH HacaAKib Ha 
HCM (AonoAHHxeAbHo K paHec noAyqeHHbiM AaHHWM [7]) dbiAii 
nccAeAOBaHbi Bonpocbi MexaHUKii ABHAceniiH, aspoAHHaMHKii Meac- 
KOMHOHeHXHoro- xenAOodMeHa nacaAKH c rasaMii (bosavxom) h 
pHA Apyriix HHCxo 3KcnAyaxauHOHHbix ^laKxopoB (ynoc nacaAKH 
H3 xenAoodMeHHiiKa, sanoc nacaAKH soaoh, iicxiipaHiie HacaAKii 
B npoHecce padoxbi h x. n.). 

PacHexbi, npoBeAGHHbie na ocHOBe iisBecxHbix AHxepax^’pHwx 
AaHHbix [2 — 6], noKasaAH, hxo Hs-sa mbaoxo BpeMeHH KOHxaKxa 
HacaAKH c BOSAyxoM (xaaaMH) Bbicoxw xenjioodMeHHbix yqacxKOB 
BeAiiKH. j3,An YBeAiiqeHHH BpeMenn KOHxaKxa HacaAKii c BOSAyxoM 
(xaaaiMn) dbiAii npHAieHCHbi xopMOSHiHiie BCxaBKii, iisBecxHbie 
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B XHjMimeCKOH TeXHOclOrilH -Q1 R 

CTBy ii.Meex Mecxo lonoxHiixexbRnr^ oaoShmx c.xyqajix no cyme- 
naaeHHs qacTiiu, ,, noaxoMy YMecren TopMoaceHne 

B3Becb» [10], Jlioaoe TODMoieHii «T0p.M0>KeHHanra30- 

HHIO HX IlcXHHHOii KOHnemiamm f “ '’P’'80ai.r K VBejlH^e- 

noBepxHocTii HarpeBa b xen.xooSMeHHbiTKalfp*’"”’ a 

xe.xbHbiii pesv.xbxax Heo6\mirMn ™ ^a^epax. 3xox hojiotkh- 

Koxopbin cBaaaH c ^v^meSeM^ " oxpimaxe.xbHbiM, 

.xooSMeHa npu VBe.iHBeHim K0HBeHTpa'il'„rPa2ee B75T6r° 
K-asaHo, qxo npn KOHBeHxpamm ,li <?— i 5 ?, q 

xie/KKOMnoHeHTHbiH xenaooSivieH r \ P < 3,o • 10-^ 

xaHimecKoro lopMoxceHna, npaKTimecKi, Hr 3 aB'ifr°tfT“'^““* 

pauHH. OaHaKo npH B > 3 5 . 1 0-3 „<? aaBiicni ox KOHueux- 

CHBHocib xen,xoo6MeSa naaBex nnonn^ wo HHren- 

uiucaa na;iaex nponopimoHa.TbHo p -0,43 

Nu„ 

^ - 0,033 S- IM3 

Nu 

tkchhoh rasoBSEeciTn^c^^^Ha^nonb^x^^ ^ ycv70BiiHx xopMo- 
Ta.xbHb,x ;iaHHbix no uefaluKe aKcnepitMen- 

II aapoAimaMUKe. ^Kenun Haca^tKH, xennooSMeny 

npe;^cxamxaex ^nociT^osaxe’f^^^ ra30B3Becb» 

ca;iKe xen,xoo6MeHHbie KaMenw BKjiioqeHHbie no na- 

roM. Ten,ioo6MeHHbie KaMepw (Bfpx^TnnZ^H^ 

Hoif (J)opMbi, cenenneM / = 0 49 Jti? / -^ 1 ^ 

= 1,68 cooxBexcxBeHHo ^ = » /=0,64 1 = 

.lenbi 6oKOBbie n nenxpaxbHbie Kaxiep scxas- 

Oh„ Heno^B„*Hb.“„ SK^OH^b. rropSSHxaTHo?™ “ “'™'- 
no;i yr.xoM 10° f71 Bokorwp Tr>r,»T^o mxocKocxn 

paBHBaxbCB OTHociixe.XbHO ropiiLHxa xbHm-f "°®“' 

0 ;io 90°. qacxb Haca^K„?‘^raam«eT 

cKBosb cexKii, qacxb CKaxbiBaPTra CBepxy, npocbinaexcn 

o cexKB OTCKaKBBaex StecxBO ^OK Tr.l'^ 

B npouecce onbixa B BeD v-Heii Mor,xo iisMeHHXbcn 

;iHx HarpeB Haca;iKn rasaMn, a b hh!™! nponcxo- 

xoKe, — HarpeB naca^Kon bosjivxr r npoxiiBo- 

?en“ooS™x ?,aX"*’Be4 

naonioiiaeMbix Benjiniin nDOBmifrrnPK r?,; ^^xiepy. HsMepeniin 

..OBOM „ 

SHaneHHH Ha6,xiojaeMbix BeniiniiH xaromnv n. BBOimniicb 
coBnarteHHe. aaiomux 3-KpaxHoe (ne Menee) 
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Ha o;tHo.M ns oxanoB aKcnepnxieHxa obina nayqeHa MexannKa 
;iBn>KeHHH Haca.7i;Kn b «xo,tio;ihoh» BOBAVuiHofi 'xemxoooMeHHoii 
Kaxiepe. B KanecxBe nacajiKii npiiMCHnncH rpanynnpoBaHHbin 
^ ^ —0,49 MM u aniOMocHnnKaxHbiH Kaxa.xH3a- 
xop c - s,J MM. Ha xpaHnnax xenjiooOMeHHon Kaxiepbi 6bi,xir 
\cxaHOBneHbi miioepbi c nHeBMonpiiBo^JlOM, c noMoinbio Koxopbix 
o;iHoBpeMeHHO oxceKajiacb Haca;iKa, Haxojmmancn b KaMepe. 
c nocnejiyiomniM ee BbinycKOM. n BaBemiiBaHneM, qxo jasaao B03- 
MO/KHocxb onpeaeniixb Be,xnqHHv BecoBon KonneHxpamni 


G, 

G„ 


BeniiMiiHbi p^ II qacoBoro pacxo;ta nacaAKii no3BoniLxii onpe- 
aennxb Bpexin npeObiBaHnn (xemxooOMena) Haca^Kii b KaMepe 

3l 

g: 


= 3600 -j 


^ Hayqaaocb xaKn<e B^xiinnue na BpeMH npeObmaHiiH (xenno- 
ooMCHa) Haca^lKH b KaMepe niicna pn^OB xopMoanmux 3 ,xeMeH- 
xob cexoK HviiBoro ceneHiiH h reoMexpHnecKoro cuMnneKca ce- 
xoK, HHcen PeHHOJ 7 b;i.ca, pacxoAHon BecoBoft KOHueHxpamiii ii 
yma noBopoxa Ookobhx xopMosninnx ajieMenxoB — cexoK. Kax 
riOKasann onbixbi, saBHCHMOcxb BpeMenii npeSbiBaHim Haca^lKii 
B KaMepe ox miCbXa pur^oB xopMoanmiix axeMCHxoB nenHexcH nii- 
HeHHOH II BbipancaexcH ypaBHenneM 

Top 

^TOp ^TOp _j_ I 

/2 — 1 ' 

Bo Bcex pacnexax BpeMn npedbiBaHiiH nacajiKii b KaMepe 6 bi,io 
oxHeceno k mecxii pn^aM TopMosnmux oneMenxoB — cexoK 
B aanbHeniueM noc,xe;iOBaxenbHo onpe.xennnncb nacxHbie saBiicii- 
Mocxn ciiMnneKca BpeMCHii -np^/-^^ ox nepeniicneHHbix Bbiine 
(i)aKxopoB, 


( 1 — 


3KcnepihMeHxa,ibHbie ^laHHbie o6pa6axbiBa,XHCb b Kpiixepiia.xb- 
HOM Bime [10]. TaK, HanpnMep, qacxHan saBHCiiMocxb ciiMnbXeKca 
BpeMeHH ox micjia PeHHo,xb,Hca no B03;iyxy (piic. 1) npn nponiix 
paBHbix \caoBiin.\ nosBOJiiiJia BbiHBiixb jiBe oOnacxH: b nepBofi 
cHMnneKc BpeMenn ne aaBiiciix ox nncjia Penno^xb^ica; bo bxopoh 
c \Be,XHqeHiieM niicna PeHHo^ibjica CHMnjieKc BpeMenii v.MeHbuia- 
excH, qxo odycnoBnuBaexcH dojibiuiiM pocxoM aapo^niHaMnnecKoro 
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TopMOH<eHii5i Hacaj,Kii Me>K;iy cerKaMii (miCTan rasoBsBecb), mom 
F ia cexKax (AiexaniiMecKoe Top.MOJKeHiie) . Sxa saBitcii.MOCTb .MO>Ker 

obiTb npe;xcTaBaeHa b Biije ^ =r^Re”. rp;e n =0 npii 1 . 05 - 
- 10^ < Re <3,58- 10^; n= — 0?685 npn 3,58- 10*<- Re < 9,0- 10^ 


o- 




1 

A 









k 






Z 


V 

\ 







s 








\ ^ 

\ 


V dv a„ 


igRe 

Plic. 1. llpii.Mep HacTHoii iJaBncnMocxH ciiMri.icKca npcMemi 
OT micaa PeiiHo.ibAca: 

/ — = 20710° ; 2 — QOViU’ 

B pesy-ubTaxe OKOHqaTejibHon o6pa6oTKH pesyjibTaTOB onw- 
tob no.iyqena KpHTepHa.ibHaa saBHCHMOCTb jtvia CHMnjieKca 
BpeweHH 

( 2 ) 

^•U 

npHMeHHMaa KaMep npaMoyro^bHoro ceqeHuH c xopMOsn- 
m,nMH B.ieMeHxaMH — cexKaMn n cjie;iyiomiix SHaqeHHii K'pnxe- 
piiee (apryMenxoB): 1,05- 10* < Re < 9- 10^ 0,257 <: /jk < 0,73, 

1,8 < < 12,25, 102 < Re, < 2000, 0,5 < {. < 2,11, < 

dr 10 

90 ^ 

< — < — • iflK, KBapueBoro necKa c d, = 0,49 -w.i/; 

1 0 

3,58- 10*< Re < 9,0- 10*; 0,37 <f* < 0,73; 9,1 < < 12,25 ; 

dr 

Re, = 98-4- 103; 0,5 < < 2; — < ^ < — n « = 3 - 10 ypaB- 

10 10 

HeHne (2) c norpeiiiHOCTbK) ± 17,5% npuHUMaer bh;f (piic. 2) 

= 14,05 Re- 0.69 ^-0.74 (3) 


^paBHeHIIH ( 2 ) If ( 3 ) ;iaiOT B03MO>KHOCTb OUeHIITb B UJIipOKlIX 
npe;ieaax VBe.TimeHne BpeMeHii npeobiBaniiH HacajKii b KaMepe 
TOpMo»:eHHoii rasoBSBecii no cpaBHeHnio c «qiicTofi ra30B3Becbio». 
Oho nopHjKa l,o 4,0 paaa. HoayqeHHbie saBiiciiMocxii t,,xh chmh- 
..leKca Bpe.MeHii noaBoaiiaii paccmiTaib noBepxnocxb narpeBa Ha- 
cajiKii. yqacTBVioiLteii b TenaooSMeHe: 


F = 


gI 

'eooY^ ’ 


(4) 



0.8 ifeLB/oLv^ 

■„ OSooineHHe onsiTHbix j.aHHbix no cnyiruieKcy BpeMemi npeobiBamiH 
II KOMnoneHTfai B Ten.TOo6MeHHorf KaMepe TopMOKeHHoii ra30B3Becii- 


3 O.G 




KpiiTepiiii Hycceabxa Nu = y.dj./'/., a xatHce oo'bewHvio KOHuenx- 

pauHK) 

O Y 

Yt l-K, -VB 

B onbixax c KBapnesuM necKOM {dr~ 0,49 mm) c norpeiiiHOCXbio 
± 12,6% 6biJia nojiyqeHa saBuciiMocxb (pHC. 3,a): 

-1.73 

( 5 ) 


( ' D 1.73 

'd^) 


Oop.Aiyjia ( 5 ) noKaabiBaex, hto KaqecxBeHHoe ii KoanqecxBeH- 
Hoe BaiiHHue KOHiieHxpauKH Ha xenjioo6MeH, oSHapvHCHBaeMoe 3a- 
BHCHMOCTbK) (1), XOpOUIO nOATBepHC;].aexCH H B yCJIOBHHX XOpMO- 
KeHHOH ra30B3BecH. 3 to yKasbiBaex Ha HesasHCHMocrb b,xhhhhh B 
ox Mexo;ia noBbimenifH hcxhhhoh KOHpeHxpamin. OopMyaa ( 5 ) 
Bepna ;bXH caejyiomnx SHaqennH KpiixepiieB ii CHMnjieKCOB no- 

AoOhh: 3,o 8- 10*<Re<9-10*; Re, = 98 — 100; Bi<0,l: 1,26-10* < 

<P<2. 10-=^; 9,1 < < 12,25. 

dr 

HecMOTpH Ha CHiiHceHiie iinxencuBHocxir xen.xooSMeHa xopMo- 
HceHHOH ra30B3BecH, KOJiHqecTBo nepe;iaHHoro xen,xa nacaAKOii 
B Ten,xoo6MeHHbix Kaxiepax, conxacHo onbixHbiM aaHHbiM, bo 3- 
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pacraei, raK xaK on e p e>K a lomif mi i TeMna.Mii yBe.TnmiBaeTCH 
BpeMH npe6biBaHiiH nocjie/iHeH b KaMepax ii, cneTtOBajejibHo, no- 
BepxHOCTb TenjiDooMena. Zljin oiienKii sxoro 3(f)(|)eKTa ncnojib- 
syeM noHHTiin o KOstJxJiHUKeHTe rennooTjanii, OTHecenHOM k e^H- 
Hime oe-bexia TennoodMCHHofi Kanepbi: 


= 


Q 

A t l//, ■ 


B KpnxepHajibHon (JiopMe axa saBHCiiMocTb npHMex buti; 


Nu = Nu 


(S') 


nacxim necxa, xapaKxepHsyeMMx 0= 1,15. 



Pile. 3. OOoomeHne onuTHbix xaHHbix no TenjioooMeny b Top.MOHceHHoii ra30B3Becii 


(a) — Igj^NuT jj ” no K03(|xJ}HmieHTy aapoAHHaMiniecKoro conpoTHB- 

.leniiH TBepjlOH KOMnoneHTbi b TopMo>KeHHoii ra30B3Becn (o) — Igj^ g.i. ' ||- 

i — 3 rpynnbi TopM 03 HmH.\ 3 .TCMeHTOB c >KUBbiM ce^HHCM ceTOK 40 %: 5 — 4 rpynnbi c 40 % • 
3—5 rpynn c 40 %; 4—3 rpynnbi c 73 %o: 5—4 rpyniiw c 37 %o 


Hcno.ibBVH (5) H (5') atih xopMO>KeHHOH rasoBSBecH ii ypas- 
HeHiie CBo6o.a.HOfl raBOBSBecii (npn Re^ = 30 — 480; ji < 

< 1 — 1,5; Bi < 0,1) [10] 

Nu^= 0,186 Re^«-® , 

noTiyqae.vi 

NuV^’ __ Nu^°P 

Nuvr ~ Nu 

Hb ( 6) II onbiTHfaix riaHHbix biijiho, mxo Nu™’’ xopMOTKen- 

HOH rasoBBBecH MO^ex 6HXb b 1,2 — 1,8 paaa Sojibme, mcm 
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CBo6oaHoii, npii on;iiHaKOBOH pacxojHoft KOHu.eHxpamiii ii nponnx 
paBHbIX yCJIOBHHX. 

A3po.miHaMHMecKoe conpoxiiBJieHiie xen,noo6MeHHbix naMep 
c MexaHimecKHM xopMomeHiieM rasQBBBecH Sojibuie, neivi b cbo- 
6o/i.hoh ra30B3BecH, b cHJiy HajiiimiH noBopoxHbix xopiMoanmiix 
sne.MeHxoB — cexoK ii hbho uepaBHOMepHoro ABiiTKeHiin n.Hcnepc- 
Hofi HacajiKii. 

B BKcnepiiMeHxax HenocpeACXBeHHo onpeaejiH;iacb noxepH 
aaB,?ieHHH na vnacxKe xennooGMena AP = 

o6m 2 g. 

B^cboko onepe.zi,b, cor.iacHO [10], K03(]D(])HHHeHx conpoxiiBne- 
HHB toQux mojkho npejicxaBiixb b Bii^e 


toom feceToK~l“~/ "i* Cj, / ) 

FAe CecTOK Hmtok + iccToK — K03(|)(J)Hn,UeHX COnpOXHBAeHHB CeXOK 

npH ABiiTKeHHH B Kawepe xoabko BOSAvxa. 

ycxaHOBTieno, nxo npii 3,3 <6; 0,37 <0,73; >ceTOK= 

H 

( / \0,o 0.32 

li) 

^6 ^ I I — 6,56f0.6 

&eTCK= 0,089 — [ 1 — 0,956 COS a ( 1—/^)} . (8) 

B npCAe.iax iis.MeHeHiiH vfaob olq ox 0 ao 25'’ nojiyneno 
vpaBHeHiie 

0,822 [.Lj"’'' O) 

COFAaCHO pHC. S,6, K03C]3([3imiieHX COnpOXHBAeHHH ABlIiKy- 
meftCH HacaAKH npn 5,5- 10^<Re<9- 10* ii 9,1 < < 12,25 

ofj. 

paBCH 

l^ = 2,262 (10) 


OSOBHaMCHH H 

H-bj ? BecoBaa pac.xoAHaa, secoBaa ii oOteMHaa KOHuea- 
xpamm; ■: — BpeMa xenAGoOMena uacaAKH b rasoBBBecii; Nu, 
KpHxepiiH HycccAbxa ii PefinoAbAca; a — K03(|)c|)HU,HeHx 
xenAOoxAaan; a^, oc^ — vfoa naKAOHa SoKOBbix h ueaxpaAbabix 
XOpM03am.HX 3AeMeHXOB K ropHSOHXy; /, — KOSCjxjjHAHeHX xeuAO- 
npOBOAHocxii; At — cpeAneAorapHtJiMHqecKHft xeMnepaxypHbift 
Hanop; ky — K03(J)4)iiii,iieHX UBpoAiiHaMitaecKoro xopMoaceana 
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Haca;iKn; W’ Y ~ sec HacajiKii h rasa: G* — qacoBofi 

pacxo;i, HacajTKH; G„, G^— sec Haca^Kii ii Bosjiyxa, o;i,HOBpe- 
MeHHO HaxoAHurerocfl b Kaxiepe; f^— vKhboc ceBCHiie cctok; 
Dsk, — SKBHBajieHTHHH ^liaMCTp OTBepcTHH ceTKH II TBepjioro 
KO-MnoHeHTa; H — mar Mem-^ty TOpMOSBmiiMii svieMeHTa-Mii: t — 
Bbicoxa Ten;ioo6MeHHoro yqacTKa; v — CKopocTb rasoB (bos- 
Ayxa) B Ten.ioo6MeHHofi KaMepe; AP — noxepB ;iaBJieHnsi b xemxo- 
o6MeHHon xaMepe; Ho5m“ oSmui'i Kos^^tl^nuneux aspoAHHaMii- 
HecKoro conpoxiiB.ieHiiB Bcero ckboshoxo jiicnepcHoro noxoKa; 
5 “ TOK , SceTOK — K-o3(|34)nmieHXbi conpoTHB.ieHiia ueHxpa.ibHbix 
H OOKOBblX XOpMOSSimUX SJieMeHXOB; t-r — KOSCfjcjBmHeHX conpo- 
xiiB.ieHiifl ;iBH>Kymeftcfl HacajiKH: KoscJicjoHmieHx conpoxiie- 

.leniiB no jiTiiiHe xenvioo6MeHHOH KaMepu; a — niicao rpynn 
xopMosamiix s.ie.MeHXOB; 1/ — o6x.e.M xennoooMeHHoii xaMepbi; 
0 , P — K03(j3(}3iiuiieHXbi 4)opMbi II noBepxHOCxb Hacaj,Kii. 

IlnjieKCbi: xb — y Be^imnH, oxHocamiixcH KCBo 6 o;iHofi raso- 
BSBecii; xop — k xopMoaceHHOii rasoBSBecii; x — k xBepa,o-My 
KOMnoHeHXv; V — k ooBe.My xaMepbi; np — npnsejieHHbie Be.TH- 
miHbi. 
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.4. J. HAPfiAC,. C. C. 3ABP0UCKUn 

ABH>KEHHE H TEnjIOOBMEH MACTHU, 

B BOCXOA^IlUEiVV nyJlbCMPyiOmEM nOTOKE EASA 


B HacxoHmee speMH b npoMbim.ieHHOcxii miipoKo npn.MeHH- 
loxcn annapaxbi atih cymKii, narpcBa, o6>Kiira (ii.iii Apyriix xex- 
HonorimecKiix oiiepamifi) n,iicnepcHbix Maxepiia.ioB, aBiiscymiixca 
B Boc.xonnmeM rasoBOM noxoKe. J1 ,ji5i yMenbrnemiH raoapiixoB xa- 
Kiix yexanoBOK ii noBbimeniiH SKOHOMiinHocxn iix paooxbi npe;i,- 
cxaBoaiox sHamixenbiibifi iiHxepec paa.nimHoro po.xa Meponpiiaxiia 
no iiHxeHcii(})iiKaii,nii npoueccoB xen,4o- ii Maccoo6MeHa, otihiim 


PlJC. 


r pa4)aK aaBiiciiMocxii cKopocxii 
rroxoKa ox BpeMCHii 


iiccoeAOBaHHHx. B qacxHOCxii. 


II3 KOXOpbIX .MOJKex HBIIXb- 
CH cos/raHiie nyjibciipyio- 
mero .XBii>iveHHH rasa [1. 2]. 

Mo>kho nojiaraxb, nxo, ne- 
cMoxpa Ha pan npiiHHXbix 
ynpomaiomiix AonymeHiin, 

Hs.iaraeMbie HiiH^e pesyjib- 
xaxbi npiidjiiiJKeHHbix pac- 
nexoB .SBiiH\eHiisi ii xenjio- 
oSyiena nacxim b nyjibcii- 
pyiomeM noxoKe oKan^yxcH 
nooesHbiMii npn najibHeiimiix 
6biao npiiHHXo : 

1. ^acxima nocxosiHHofi Maccbi ABiiHvexcn BepxnKa.TbHo BBepx. 
vB.ieKaeMafl rasoBbiM noxoKOM, cKopocxb Koxoporo Ha ynacxxe 
nepiioAa nyjibcamiii T] paBHa v = Vcp(\+fn) 11 nyaio na yqacxKe 
x> (pile. 1). 

2. He ymixbiBaioxcH coyj,apeHMH qacximbi co cxeiiKaMii xpyobi 
II c .xpyniMii qaeximaMH. 

3. A3poj,iiHaMiiqecKoe conpoxiiBjieHiie i: xen7ioo6MeH qacxiiubi 
KBasiicxamioHapHbi, x. e. b Ka>KAbiH TiaHHbiH MOMenx Bpe.MeHii 
noAniiHHK)xc5i saKOHOMepHocxH.M, nojiyqeHHbiM b cxamiOHapHbix 
yc.xoBiinx. 

4. I\034)(J)imiieHx jioSoBoro conpoxiiBJieHiin qacximbi He saBii- 
ciix ox opiieHxamiii qacximbi 11 CKopocxii BOSAyxa. Hoc.xeAHee 
cnpaBeA.iiiBo bo mhoxiix npejxcxaBAsiiomiix npanximecKini iiHxepec 
c.iyqaax (nHeBMorasoBbie sepHocymmiKii ii x. a ). 
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5. yae.ibHbin bcc cpeabi (rasa) npeHeopenvUMO Maa no cpasne- 
HHK) C VjenbHblM BeCOM naCTHUbl. 

npn' II nocTOHHHOM sHaneHiiii cKopocxii z’ peuieniie sa- 

nami o a,BiiH<eHH]i nacrimbi c ynexoM npiiHUTbix ^onymeHiiii iiMeer 
Biu [3] 

. (l' --//,,) th X -f n,, 


1 /" 

■ y ’?/yhc 


Be.xiiniiHa iiocTOHHHaa. Co- 


OTBeTCTBeHHO iipii < ;/ 


„ = (O, 

PiHTerpnpyn (1) ii (2), mo:«<ho nojiymub cooTBerciByiomiie 3Ha- 
qeHiin nyxii, npoiijieHHoro nacTHiieH. 

PaccMaxpiiBaH jiBiUKeniie nacximbi b ny.xbciipyiom,eM noxoKe 
noCcXe3,OBaxenbHO (no ynacxKaM), c noMombio ypaBHeHiifi (1) n 
(2) MOMiHo paccMiixaxb ;iBnH<eHne (cKopocxb ii nyxb) qacxHUbi 
B annapaxe j.xh Ka«ji,oro MOMeHxa BpeMeHii. Ho oxii pemeHiin 
rpOM03a.Kii II saBiiCHX ox p5ia,a cJiaKTopoB, b tom niic.xe ii nananb- 
HOii CKopocxii BBoa,a qacxiiubi b annapax. Hoaxoitiy, qxo6bi no.xy- 
mixb pesy.ibxaxbi b aocxaxonHO oGoapiiMon cjDopMe. paccMoxpiiM 
cn^qafi, icoraa 3,Bn>KeHiie qacximbi b KaxiAbiH nocjie;iyiomnH ne- 
piio;i He ox.iimaexcH ox ;i,BH>KeHiiH b npeAbiAymiiii nepiioji; (xan 
HasbiBaeMbifi cxamioHapHbifi yqacxoK). Henocpe^tcxBenHbiMii pac- 
MexaMii MO>KHo noKaaaxb, qxo npn bxom ycjioBHii ii npii Haniiqiiii 
aocxaTOMHoro sanaca no CKOpocxii rasa c xomkh speniiH HaAe>KHo- 
cxii nHeBMOxpaHcnopxa n,Bii>KeHHe nacximbi na yqacxKe xo nponc- 
xoa,iix TonbKO BepxiiKajibHo BBepx (603 xopMOHceniiH j,o Hy.neBon 
CKopocTii H na^ieHiiH bhhs). Toxah 113 (1) ii (2) nojiyqaexca ch- 
cxeMa ypaBHeHiiH, c noMombio Koxopoii mohvHO onpeAeniixb sna- 
MeHiie CKopocTii u B xapaKxepHbie xohkii nepiiojia KO.xeoaHiin A 
li B (piic. 1): _ 

1 o (v — ii^ ) ~ xfj th ^ -f- z\ 


//.C’ — c’-’tg To 


B j.a.ibHefiiueM Gyj.eM iio.xaraxb, nxo nepiioj, KO.xe6aHini_He- 
Be.xiiK II Bbino.THHexca yc.xoBiie T gT/v^ < 0 , 2 . Torj^a th t^ = 
= " 1 , "-2 = ~2 li peiueHiiH ypasHeHiHi (3) iiMeiox bii;i: 


uT — 2 mT 4- 2c’ ( 


— i 4) + - 


- . 7 ^ m 

u 4- T 

1 + m 


r;ie u = uiv^\ v = vjv^. 

npeac^e qcM npoH3Bo;i,HTb iiajibHefliuiie BbiqHCJieHHH, onpe^e- 
.IIIM MHHHMa;ibHyK) CpejIHiOIO CKOpOCTb nOTOKa, HeoSxoAHMyK) 
jlJiH xpaHcnopTHpoBaHHfl qacTHUbi b BepxHKajibHOM HanpaBJieHHH 
(ana^or cKopocTH npn ABunieHiiii Sea nyjibcamifi). JXjisi axoro 
HeoSxoAHMO peuiiixb cncxeMv ypaBHenHfi HecKOJibKO Sojiee 
c-ioncHyio, qeM ypaBHenna (3), xaK KaK jUBiiHceHne qacximbi na 
yqacxKe to 6yj;ex cnaqajia BOcxoAsimHM, a saxeM najiaiomHM. 
CKopocxb (t/cpjniin ^.o^incHa Sbixb HaflAGHa H3 ycjiOBHH paBeHCXBa 
Hy;iio nyxH, npofi;i,eHHoro qacxHuefi 3a Becb nepHo;!,. OiiHaKo 
BOSMoaten II 3HaqHxe.nbHO Sojiee npocxofi, npiiSjiHxceHHufl cno- 
C06 onpe;iejieHHa axofi CKopocxH. OueHHM Bejnmnny MHHHMa^b. 
Hoft CKopocxii na yqacxKe cBepxy. H,jia axoro HeoSxojuHMo 
B paeeHCXBax (3) nojioavHXb 0, qxo cooxBexcxByex oqeHb 

Me;iJieHHOMy nepeMemeHiiio qacximbi BBepx ii npHBOjUHx k bbi- 
pajKeHHK) 


y tg-^T,+4fi + 


CooxBexcxBCHHo oueHKa CHH3y 3aK7iioqaexca b ycjiOBHH «g = 0 
(oqeHb Me;iJieHHoe nepeMemenne qacxunu bhhs). Torji^a, ncno.xb- 
3ya ypaBHCHHe (1), no.iyqaeiq 

t^min = — th To -f |/ th2 Tg -f 4 I 1 + j j . (6) 

Ectih nepiiOA KOJieSaHiifi Ma.x (T-^0), ypaBHenwH (5) ii (6) 
cOBnaaaiox Mencziy coSofi h MiiHHMajibHaa cpeawnfl CKopocxb 
raaa _ 

(ycp)min = — — = ^ - (7) 

1 + m V 1 4 - m 

OpH cpaBHeHiiii c BbiqHCvieHHHMH no xoqHbiM ({lopMyviaM ycxa- 
jiOBJieno, qxo ypaBHeniie (7) npnMeHHMO y^e npn snaqeHHH 
T = 0,5. Hs (7) BH^iHo, qxo MHHiiMajibHaa cpeAHHs CKopocxb, 
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Heo6xo4H.\faH nHeBMOTpaHcnopra qacTim b RenTH».-« 
HanpaB^eHH", b c,,pae nyaBcapy^mero ^BnlKeHMa ^arcH? or 
POCTII a"'*” SHaBnxeabHo .MCHbiue cko- 

(4) ynpSma»TL:‘"‘ ^ = 0- Tor;.a ypaBHeH„a 


u = » ^ ~ yv'‘»2 - + I 

= T— 7n ■ 

7 / — 2 

"== 7---, /«=1. 

2y 


( 8 ) 


Nu"rp-^tT» Tnr„rbn BHnOaHfleTCa SaBHCHMOCTb 

eHTa ien^ookeHa r„p7«S“e7H » So?/om7HHr 

Nu,« ^ ? I(o — M)« + 


1 

TaK KaK B noTOFce oea nyTTbcauKH Nuq 

^Ucp _ 1 

Nuo m + 1 


(9> 


‘ V2, TO 


[(v — m)« + 


(10) 

TITO ^ CJiyqaeB juin ouchkh 3(j)(J)eKTHBHocTH annaoaTa dp- 

rnaiomee SHaneHHe Hrpaer He ctoJTbko Be^HHnL Nu ckLbko 
KO^HH ecTBO nepe;iaHHoro k nacTHne (h^h OT^taHrorreiorTen/a 
nponopuHOHa;rbHoe SHaHeHHio Nut„. Be^iiHHHa t oOoaTHo nnn ' 

nopuHOHaviBHa CKopocTH ^acTH^H,^^oc;Ie™L B?^™e ^vSL■ 

ciipyiomero noxoKa onpe^ejiHexcH h 3 ( 8 ). Tan KaK ^b noxoKe 
oaBHa ^acxHUH na cxauHonapHOM ynacxKe 

a to J 3 , Hexpy;iHo noKasaxt cnpaeeitJiHBOcxb paBeHcxsa 

^'0 ^ 

T~- _ (‘i> 

npH cpaBHeHHH xenaooOMeHa b nyvibCHpvioine.\i ii hprvtr 
noxoKax HeoOxo^HMo aaiiaxb ^lonaxHiixe^bHoe yS- 
SHaneHiiH t- H HaMH ra- 
oe c^aBHeHHe BwnoaHeHo iiTia aby-x c.^ivnaeB; t> = (pjjc 2 a) 
a ^cp~Vo{\-Tm) (pHc. 2 , 0 ). Bxopoe DneeHCTBO BwnajKaex 
> caoBHe o^^HHaKOBoro aanaca no CKopocxH' hotok™ Ton^rspe- 


HHH odecneqeHHH HaAejKHoro BHeBMoxpaHcnopra. B o6ohx ctiv 
naax b 4)opMy^e (10) 6bi;io npiiHHXO /z = 0,8 h paccMoxneHbi 
Ho^BHaHMOMy npaKTH^ecKH HaH6oaee HHTepecHSe BHa^enHs 

^0 — ^ H Vo = 6. 

PaccMoxpeHHH KpHBbix Ha piic. 2, a, 6 bi^ho hxo sHane 
He K034)4)HmieHxa xen^ooOMeHa b nyabcnpyiomeM noxoKe bos- 
pacxaex no cpaBHeHHio c coox- 
BexcxByioinuM c^iynaeAt b iioxoKe 
; Oes ^nyjibcanHft. O^naKo BpeiwH 
’ npeobiBa.HHH nacxHnbi b annapaxe 
yMeHbuia^TCH (KpoMe caynaa 
= 3 v,p = 3(1+ /n)-VB “ Ha 
pHC. 2, o). rioaxoMy BoapacxaHHe 
BejiHHHHbi NuTn b nyabCHpyio- 
meM noTOKe HeBejiHKO (npOMe 
oxMeneHHoro caynan), h npHMe- 
neHHe nyjibcanuft npn 2 He 
Aaex npaKxiiMecKn ouivxHMoro 


Q 


a 

✓ 

/ 

4 



/ 

/ 

/ 



+/ 

/ 



! 

A— 


X 


/ 

' "A 

^ly 




/ V 

/ 

r 





J 



" ■ 










5 


/S< 

// 

// 


> 


1/ 

If 

Jm 





— — 







TenjiGooMeH ii speMH npeouBaHHa ^lacTimbi b annapaxe 
c nyjibcnpyfoiHHM rotokom B03;tyxa na cxauHOHapHOM ynacxKe npii 

'Cp = t ^0 (q) n Deputy, ( 14 -,y;)-V> (g) ( +1 
\ NUo T„ 


Nuo 

7, ^-Kp„B«e Nu,p/Nu„. -NU h .„A : uiTp»xoBbie 

r.. fs ‘*0 

cnjiouiHbie — Vq/v = 2 


no , 


3j4)eKxa. B xo ace BpeMn npn ycaoBun £>o = 3 npHMeneHHe nvvib- 

ImHHV yBe-"HMHBaeT kbk BHaqeHHe Nu, tbk h^bb- 

.IHHHHV iMu .p (ocoOeHHo npn y„p = t >0 (1 + 7 n)-Vs). 
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ZI.7IH Toro qToSbi cocTaenTb nojiHoe 3aKJiK)iieHne o6 sAtbeK- 
THBHOCTH npHMeHeHH5I ^y7IbCa^Hft, Heo6xOJlHMO paCCMOTpeTfc 
TaKJKe Tenjioo6MeH ^lacTHUbi b Ha^a.ne ee iiBHBceHHH (na pas- 
roHHOM yqacTKe). PaccMOTpHM npeACJibHufl cjiy^aft «„ = 0 co- 
OTBCTCTByiomHft Ha^a/iy ;iBH>KeHiiH qacTHUM, bboahmoA b anna- 
pax 6e3 HanaAbHOH cKopocxH. B stom CTiyqae HexpyAHO noKa- 
saxb cnpaBeAAHBocTb paBeHcxBa 



Nuo 


m-f- 1 


iil 


B CTiyqae sto npHBO 

AHT K ypaBHeHHK) 


Nu 

Nu, 


1 


(I -f ///)’■ 




a Boiyqae v,^ = v^(l -f /«)■ 
Nu _ 1 


<14 


Pnc. 3. Tenjioo6.MeH qacTnuu, iiMeromeii SHaqeHHH Nu/Nun, noCTDO- 
HyaeBjTo cKopocTi. (B Ha^aae pasroHa): eHHbie no ypaBHeHHBM (13) ii 
^ ^’op = 2 ztcp = z)g(i -^//z) (14) AciB n = 0,8, npiiBeACHbi 

Ha pnc. 3, H3 KOToporo bhaho, 
qxo B CAyqae HyjieBofl HaqajibHoft CKopocxii qacximbi xenjiooOMeH 
ee B Hanajie paaroHHoro yqacxKa yMeHbmaexcH no cpaBHeHHio c 
Tenjioo6MeHOM b noroKe 6e3 njrjibcamiH. noaxoMy npHMeHeHiie 
nyAbcnpyRDmero noxoKa mojkox OKasaxbCH n,ejiecoo6pa3HbiM, ec.xii 
A-XHHa pa3roHa qacxHUbi HesejXHKa no cpaBHeniiio co cxauHonap- 
HbiM yqacTKOM. 

ripeACTaBAaer HHxepec cpaBHiixb peaj'^vxbxaxbi pacnexa c onbix- 
HbiMH AaHHbiMH. HaM H3BecxHa AHiub OAHa BKcnepHMenxaAbHaH 
paooxa B axofi oOjiacxH c AocxaxonHO noTiHbiMH aaa conocxas- 
AflHHbiMH [1], B sxoA paSoxe nsynajicn xenjiooSMeH sepen 
pjKH m/cck) npn nyjibcaunax no saKony m = x^'Zj^ = 4 

H c qacxoxoft 3 — 20 aii, qxo cooxeexcxByex SHaqennHM T == 0,06— 
0,4 H AOCxaxoqHo SoAbuiuM snaqeHHHM qncjia Re, qxo6br mohcho 
KB aApaxnqHMft 3aKOH conpoxHBAenHH. SnaneHne 
KoaAqpnmieHxa xen,aoo6MeHa npH nyAbcapunx yMeHbuiaAOCb 
B 2 6 pa3a no cpaBHeHHio c xenAoodMenoM 6e3 nyabcauHfl. 

DMecxe c xeM speMH npe6biBaHHH qacxHU b annapaxe yseAHUH- 
BBAOCb npH6AH3HXe,XbHO B 10 pa3. 

TaKoe pesKoe oxAHqne onuxHbix AaHHux ox peayAbxaxoB 
npHBCAeHHbix Bbime pacqexoB oS'bHCHnexcH pasAHqneM peacH- 
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MOB, KOTopbie iiayqajiHCb b [1] h paccwoxpeHbi naMH. OnbiXH 
obijiH npoBeACHbi npii 3HaqeHHn ^^^ 3 ^ 1 , 2 , a BeAUHnna Kan 
noKaaaAH npoBCAeHHbie cobmccxho c asxopoM paSoxbi [1] T. JI. 
PaOHHOBHqeM Aono^HHxeAbHbie HccACAOBaHiiH, SwAaB HeKoxopwx 
CAyqanx MeHbuie kbk CKopocxH y^, xax h (aaMexHM, qxo noc- 
ACAHee, B qacxHOcxH, noATBepacAaex noAyqeHHbift HawH pacqex- 
HHM nyxeM BbIBOA o B03MOJKHOCXH nHCBMoxpaHcnopxa BOCXOAH- 
IHHM nvAbCHpyiomHM noxoKOM rasa Aa)Ke npH snaqeHHH v^^<v) 
KpoMe xoro, b onbixax [1] pasroHHbift yqacxoK saHHMaA npaK- 
xiiqecKH BCK) AAHHy annapaxa ii BpeMH naxoacAeHHH aepna 
B annapaxe yseAHqHBaAocb H3-3a HanpaBAennoft bhh 3 HanaAbHoA 
CKOpocxH BBOAa 3epHa B annapax. 

3xh oco6eHHocxH pa6oxbi {1] 6biAH yqxenbi b npoH3BeAeHHOM 
HaMH pacqexe ABHJKeHnn qacxHUbi.' Pacnex npoH3BOAHACH 
B npennoAOHceHUH «„ = — 1 M/ceK nyxeM nocAeAOBaxeAbHoro 
BbiqHCAeHHH C nOMOlUblO AopMyA XHUa (4) CKOpOCXH qacximbi II 
npoHAeHHoro eio nyxn b xapaKxepnbix xoqKax nepnoAa nyAbca- 
UHH A K B (pnc. 1). B pacqexax Shao noAyqeno, qxo rAygHHa 
onycKa.HHfl qacxnn b annapaxe cocxaBAnex 0,3— 0,5 m, speMH npe- 
® annapaxe pasHo 1 — 2 ceK, a sHaqenne cpeAHero 
KoaAAHnHeHxa xenAOoOMena npn nyAbcauHHx yMenbiuaexcH: 
i\u/Nuo = 0,4— 0,5. 3x0 xopomo corAacyexcn c onbixHbiMn AaH- 
HbiMH [1]. 

B saKAioqeHHe CACAyex oxMexHXb, qxo b peaAbHbix ycxanoB- 
Kax AopMa nyAbcannH CKOpocxH, necoMHeHHo, oxKAOHnexcH ox 
npHMoyroAbHOH. Ten ne Menee moacho noAaraxb (axo noAXBepAc- 
Aaex cpaBHeHHe c AaHHbiMn [1]), qxo peayAbxaxbi, noAyqeHHbie 
c noMoiHbio HcnoAbsoBaHHOH b AaHHOH pa6oxe mcxoahkh pacqexa, 
oyAyx npaBHAbHo oxpajKaxb ocHOBHbie ocoOchhocxh ABHAiennH n 
xenAooOMeHa qacxnn b nyAbcnpyiouieM noxoKe ii Moryx 6bixb 
HcnoAbsoBaHbi npn anaAHae pannoHaAbHocxH . penciiMOB h cxcm 
annapaxoB c nyAbcnpyioinMM hoxokom rasa. Ho-BHAnMOMy ana- 
AornqHbie pacqexbi oKaxcyxcH noAesHbiMir h aah opiieHXHpoBoqHoA 
oneHKH BeAHqHHbi ynoca b ycxanoBKax c nvAbCHpviomHM CAoeM 
AHcnepcHoro MaxepnaAa [4], 


06o3HaqeHHH 


ycKopeniie seMHoro xaroxenna; f h cy — nAomaAb mh- 
AeAeBoro ceqeHHH h oO-bCM qacxHnw; y* h y„ — yAeAbHbiA Bee 
mchakocxh h qacxHUbi; m — oxHonieHHe BpfeMeHH aaKpHXHH nvAb- 
eaxopa Tg KO BpeMenn ero oxKpbiXHH tj (pnc. 1); T— nepnoA 
nvAbcamiA; y — CKopocxb raaa (npn nyAbcanunx — CKOpocxb na 
yqacxKe <- 1 ), ii CKOpocxb qacxnnbi; — CKopocxb BHxaHHH — 
BpeMH; Tn— speMH npeObiBaHHH qacxHUbi B annapaxe na exa- 
UHOHapHOM yqacxKe; (1 — KoaiJjcjnmHeHx conpoxiiBAeHHH. 
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IlHj.eKCfci: 0 — B noTOKe 6e3 nyjiBcaiuifi; cp— cpe^Hee sa 
iiepiioji; A II 5 — sHaqeHHB b xo^Kax A h 5 (pnc. !)• h — 
Haqa^iBHoe SHaBCHne; min — BHayeniie Ha pevKHxie, Kor^a ’cpeji- 
Hee 3a nepnoA nepeMemenHe qacxHUBi pasHO Hyjiio: Hepxa Ha;i 
oyKBoii — SeapasMepHan Be.xHHHHa. 


JIHT EPA T yPA 

1 . r. H. PaojiiiOBim,. r. H. CwOooahm. EiO>K, .Ys 9 , 1959. 

2. M. T. ajibnepiiH. .AeTopcKoe CBHAeTejibcTBo Ye 169021 ot 12 II 1951 r 

3. r. H. PaoiiHOBnq, Tpyabi Ha-xa SHeprexHKH AH BCCP Bwn IV 

Miihck, 1958. , - V. 




. !}. TEJbnEPHH 


HCCJlE^iOBAHHE 3 >KEKTOPA, 
noAAiomEro AByx«i»A 3 HyK) cmecb «rA 3 
TBEPAOE» B AnnAPAT C KHn 5 imHM CJIOEM 

OcymecTB.neHHe npoueccoB o nc^BAOOHCHHceHHbiM cjioe.M aep- 
HHCToro Riarepnajia b MHoroKaMepHHx annapaxax bosmohcho npH 
HajiHHHH HaAeJKHO padoxaioiUHx ycxpoHCTB h nHxaxejieH aJiH no- 
AaqH sepHHcxoro Maxepnajia nojt ypOBCHb aaoH, a’ xaKxce .hjih ero 
nepeMemeHHH ns 3oh hhskoxo /lasjieHHH b 30Hbr 6ojiee bmcokofo 
A aBjieHHH. Bo MHoxHx cjivHaHx, ocofieHHo npk , Heo6xo.a;HMocxH 
xpaHcnopxHpoBKH jierKOcneKafomHXCH MaxepHajiOB, xaKHM yex- 
POHCTBOM HBJIHeXCS SJKeKXOp, paCOXaiOmUlI Ha HBVXC^aSHOH CMecH 
«ra3 — XBepji;oe». 

HaAeJKHbiii MexoA, pacnexa sjKeKxopa, pa6oxaioiii;ero na AByx- 
t|)a3HOH CMecH «ra3 — xBepAoe», ao chx nop b jiHxepaxype He 
onyGjiHKOBaH. <I)opMy\ibi, npeaAomeHHbie b [1, 2], abiox secbMa 
npn6jiHH<eHHbie pesyjibxaxbi. 3xo ooTaHCHHexcH, no-BHAHMOMy, 
xeM, Hxo yKaaaHHbie ([lopMyjibi SasnpyioxcH na ypaBHeHiiH hm- 
nyjibcoB ciiA, xpeSyiome.M SHaHii^ CKOpocxeii xBepAMX nacxHn h 
raaoBoro noxoKa b paaniiHHbix ceneHHHx sjKeKxopa. «I>opMyjibi 
Aah onpeAejieHHH CKopocxii xBepAfaix xacxHu npiiMeHHMbi b ysKHX 
npeAeJiax h Aaiox opHeHXHpoBOHHbie aHaneHHH. Pacnex sJKeKxopa, 
noAaiomero AByx(^a3Hyio ' c.Mecb «ra3 — xBepAoe» b annapax 
c nceBAOOJKHHceHHbiM cjioeM, ocJioasHHexcH xannce nyjibcaHHefi 
npoxHBOAaB.7ieHHH H njiOTHOcxH cjiOH b Mecxe BBOAa MaxepHajia 
B annapax h nepHOAHnecKiiM nocxynjieHHeM RiaxepHajia b npneM- 
HVK) KaMepy. TaKHe HecxanHonapHbie ycjiOBHH paSoxbi oS-bhchh- 
Hjxcn CBOHcxBaMH nceBAooHCHJKeHHoro CJIOH. ripn xaxHx ycJiOBHHx 
uejiecoo6pa3HO 6a3HpoBaTb pacnex SHcexxopa Ha SKcnepHRien- 
xajibHbix AaHHbix. 

OpeABapHxejibHbie HccjieAOBaniiH. npoBeAeHHbie b THHiiBex- 
-Mexe Ha xojioahoii moabjih AsyxKaMepHoii nenH [3] h na ropHneii 
VKpynHeHHO-JiaoopaxopHoii AByxKaMepHoii nenii ajih npHMoro 
BOccxaHOBJieHHH nHpHXHoro orapKa b ncesAOOJKHHceHHOM cjioe, 
noKasajiH pa6oTOcnoco6Hocxb nepexoHHoro vcrpoftcxBa c 35KeK- 
xopoM. 

BeJIHHHHa K03c|)4)HHHeHXa 3HCeKHHH, HBJIHlOmaHCH OCHOBHOfi 
xapaKxepiicxHKOH paSoxbi anieKxopa. saBHCHx' ox nejioro pHAa 
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Hor(J,yHKuLHaTbto^^ TasH^mocT^T^ ^ cMeaytomei, Heni 

^ ~ Ph, PcJi, d^, /c.K.c Yr» [J^r . U Ttb , <^18)- 

Ha nepBOM sxane licc.ieAOBaHiifl, pesyTibTaxBi KoxroMv'nnr 
BOXHTC. B CTaTBe, H 3 y.a,. 0 CB LnaHae napaMerpSe ^ 

hi.c H .r „ Ha ifO^rhrhHiiuou'n ^ 


P., 4 .. 

HbIX npQTIHX 


J lie 

Ha K03(j)^HUHeHX STKeKUHH npH nOCXOHI 

napaMerpax. Ona,™ npoBo^H^iHca Ha xo°o™hc 
M o;^e^ni^ByxKaMepHo^i nenii (pHc. 1 
B KaqecxBe STKeKXHpyiomero rasa 
nces^loojKHJKaiomero areHxa hchojii 
soBaTica Bosityx, a b KaaecxBe nceB^lc 
ojKHacaeMorosepHHCxoro Maxepnajia- 
necoK j.HaMexpoM qacxHu < 0,6 mm 
yiie^ibHMM secoM 2,2 m/M:\ 3 KBHBa 
^eHXHbifi ;iHaMexp qacxHu ( 4 ) KOJie 
oajicH B npeae;iax 0 , 18 — 0,24 mm. He 
PHo;iHqecKH necoK saMenaTica c i;e,ibi( 
noAAepHcaHHH cxaSHTibHoro rpanyvxo 
MexpHaecKoro coexaBa. Hhc,/io ncea^io 
oacH^eHHB cocxaB/iHJio 4 — 5 npn cko- 
pocTH nceBAOOiKHaiaiomero B 03 ;iyx{ 
0 , 45 — 0,55 MfceK, hto oOecneaHBajic 
xopoiuee KaaecxBO KHnniuero cjioh 
HcnHxuBaeMbifi sxceKxop hmeji jio- 
SBj-^KOBoe con.io h paSoxavi b saxpH- 
THqecKOfi o 67 iacxH (P„/Pp^s < 0 , 528 ). 
laKHM oOpasoM, npH Bcex AaB,xeHHax 
SHceKXHpyioiuero B 03 .nyxa ero cko- 
poexb Ha Bbixo^e h 3 con,aa 6 biJia 
nocxoHHHa ii paBHa CKopocxH 3 ByKa 

c=HreP--e£““— 



MOflejib flByxKaMepHofi 

3 — paarpyaoTOHft dyHKep, 4 — pac- 
xoflOMep Boa^yxa na nceBflooiKUjKe- 
Hiie, o 4HKJIOH, 5 — MaHOMerp ajih 
SKCKTH pyiO- 
mero BosAyxa, 7 — nara-rejit, c Svk- 
KepoM A^ noflaTO aepHHcroro Maxe- 
pna.ia, a — ocymiiTejibHaa KoaoHKa . 
S — Bosflyx Ha sxeKUHio. 10 ~ bo 3 - 
Ayx Ha nceB;ioo3KH3KeHHe 


■ (Pp.6^P„) ‘ - 1 

k—l 

(PcJPb) ^ — 1 


P..C 


L= - 


dc 


SHaqeHHe P onpe;iejiHvTocb hs npeAnoTioaceHHB qxo noouprr 

noToMv 

^ npHHHXO k = 1 , 4 . noCXOHHHblWH noiiJiepjKH- 
Ba,iHCb npoxHBo;taB.^eHHe P,, 8 -f- 8,7 h P„ == 10,17 h/cm\^ 1 . 


MeHH.iocb Ppae ox 9.8 jio 21,6 h/cm^’, =6-9 ii / =5 

-4-20 MM. ' 

B xoAe aKcnepHxMCHxa nsMepHviiiCb Ppa^, P^.^^ , p^ m t, sec 
3epHHCToro MaxepnaTia g h Bpewn npoxo3K;ieHH5i ero qepes 
SHceKxop Ho 3XHM BejiHqiiHaM onpe.ne.iHjiHCb qaeosaa npoHS- 
Bo;iHxejibHocxb aacexxopa , Kelmc, pacxoii 3>KeKxiipyK)iu.ero 

rasa , Kzime n KosdjtJtnuHeHX ajKeKUHii K = ^ 

Gb 

JI.iH BbiHCHeHiiB B.xHHHiiB nepeMeHHbix napajviexpoB ii opeHKH 
ToqHocxii onbTxoB SbLia ncno,xb30BaHa MexojiiiKa jpicnepcHoro 
aHajiHsa [ 4 ]. ^ 

Pe3y.xbxaxfai aHa,iH3a npe;icxaB,xeHbi b xaoa. 1, 2. af. oqeHb 
Majia no Be,/[HqHHe, qxo .naex ocHosaHHe npenedpeqb B.nijiHHeM 
HeyqxeHHbix (JiaKxopoB SKcnepiiMeHxa. yposeHb snaqiiMocxH ;ijih 
napaMexpoB P, F ii L npeBbiiuaex 0 , 1 %. MaKCHiviajibHoe B.xHHHHe 
Ha K03$(|)HpHeHx 3>KeKUHH OKasbiBaex napaMexp P, MiiHHMajib- 
Pseqex cpe.aHH.x 3HaqeHHH /C no vpobhhm BapbnpoBa- 
HHH P u F noKasbiBaex hx SHaqiiMOcxb; L = 2 , 5 ; 5,0 n 7,5 


T a o .1 Ii u a 1 

SKcnepHMeHTajibHue ^laHHue* 


F 



i I .388 

15.000 

1 18.166 

1 ill. 055 


2,5 

6,5 

6,96 

7,37 

7.74 

9 

5,0 

6,34 

6,82 

7,23 

7,6 


7,5 

5,46 

5.84 

6, 18 

6 5 


10 

4,88 

5,28 ' 

5,64 

5,96 


2.5 

6,39 ■ 

7.04 

7,61 

8, 13 

12,25 

5,0 

6,64 

7,26 

7,82 

8,32 


7,5 

6,78 

7,4 

7,93 

8,43 


10 

5,7 

6,31 

6,83 

7,32 


2,5 

6,29 

6,86 

7,36 

7,82 

16 

5,0 

6,22 

6,94 

7,57 

8, 15 


7,5 

6,28 

7,35 

8,28 

9 16 


10 

5,66 

6,31 

6,87 

7,4 


2,5 

5,03 

5,84 

6,55 

7.2 

20.25 

5.0 

5, 1 

5,74 

6,31 

6 ’83 


7,5 

5,26 

6,01 

6,66 

7,27 


10 

4.95 

5,67 

6.3 

6,87 


3aBKCH.xST= .4 P+^b; npii odpaooTKe pesy.iBTaTos aKcnepHMeHxa b biu® 
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T a 6 .1 Ji ua 2 


PesyjibTaTbi AHcnepCHoro aHaanaa aKcnepHMCHxajibHMx aaHHbix 


Hctothhkii 

qiic.io cxeneHeii 


Cpe^Hiie 

;tHcnepcni3 

CB 06 o;ibi 

KBa;^paTOB 

!<Ba;qpaTOB 

MejKAy P 

/J — ] = 3 

25.678 

8,56 

Me>K.!iy F 


15,32 

5, 1 

Mchcav L 

/— 1 = 3 

7,73 

2,57 

B3anMo.xeiicTBiie PL 

(P — 1) (/ — 1) - 9 

0.117 ' 

0,013 

B3aHMo;teficTBiie PF 

(p-1) (/_1)==:9 

1,03 

0,114 

BaaHMoaeficTBHe FL 

(/-I) (/- i) 9 

6,396 

0,71 

OcTaTOMHasi 

(p -!)(/- ])(/—!) = 9 

0,56 

0,021 

Bcero 

pfl — 1 63 

' 56,83 


Hctohhhkh 

AHcnepcHH 

KoMnoHCHTbi ;iiicnepcHft 

AHcnepcnn 

MejKAV P 


■4 

a2 =0,527 

Meyajiy F 

pi + 


oj — 0,267 

Me-Mjiy L 

pfoj^p aj[ 

^^0 

of = 0,116 

B3aHMo;teHCTBiie PL 



! 4=0 

B3aHMO.neficTBHe PF 



II 

o 

o 

BaaiiMOAeficTBHe FL 

P ofi + 


0^1 = 0,173 

OcTaTOBHaH 

^0 


0,019 


cpeziKiie SHaMeHiiH K 6 nn 3 KH h TO.ibKO npii £ = 10 oOnapyHvHBa- 

ercH cymecTBeHHoe OTKJioHeHHe. 

HesHaMiixejibHoe pasjiHMHe anaqeHHH K j.th L = 2 , 5 ; 5,0 k 
7,5 oOtHCHHexcH, oqeBHAHo, xeM, qxo b bxhx cjiyqanx Koneu na- 
qa.xbHoro yqacxKa BJKeKxupyiomeH cxp^rn naxoAnxcH BHyxpn Ka- 
Mepbi CMemeHHH. 

Tla.nbHeHmaH oOpaOoxKa SKcnepHMeHxajibHbix ^aHHbix ObiJia 
HaripaBjieHa na oxbicKaHiie saBiiciiMocxeH K 094 )(|DHUHeHxa stkck- 
miii H reoMexpimecKiix napaiwexpoB sxceKxopa ox SespasMepHoro 
;iaBJieHHH P. 06 pa 6 oxKa onbixHbix ;iaHHbix npoBOAHJiacb no cno- 
cooy HaHMeHbuiHx KBa^paxoB [ 5 ]. 

PacnexM noKasajin, qxo c K03cJ)(|)HHHeHX0M Koppejiflunn 0,8-i- 
-r 0,9 saBHCHMOCTb K03(})c})Hn.HeHTa 3>KeKnHii K OT SespasMepHoro 
jiaBJieHHH P Moxcex StiTb onncaHa ypaBHeHnew K — AP B. 
90 


Kaa< 2 ioro SHaqeHiifl L Obi-in nocxpoenbi rpacJinKH (piic. 2) 
4)yHKUHH {K)l.f = AP B h {K)p.L = f {F)- Anajiiis axiix rpa^tn- 
KOB noKasbiBaex, qxo (JiynKunn (K)p, l = f (P) HMeex xapaKxep- 
Hbift MaKXHMyM, CMemaKDmHHCH B cTopoHv ysejiHqeHna F c poc- 
TOM P. Hajinque xaKoro MaKcn.MyMa oxMeqaJiocb xax/Ke npii 
3x<eKmm B02^bI Bos^yxoM [6] 

H oAHofi >Kti.nKocTii Apyrofl, He 
CMemHBaK)ui.eflCH c neio [7]. Mo- 
vKHO npe 2 ;no,xaraTb, qxo Hajiiique 
Taxoro MaKCHMVMa xapaxxepHO 
sjKexxopa, paSoxaiomero na 
AByxcJjasHofl CMecH, xoxh b pa- 
6oTe [8] npH HsyqeHHn 3»[eKUHH 
B03/iyxa BOiioft HB,xeHHe hctko 
H e Ha6jiK);i;a2iocb. 

jUTiH onpeii.e,aeHHH onTHMajib- 
Horo SHaqeHHH Fom npn abh- 
HOM P ObiJiH npoBeaeHbi pacqe- 
Tbi, noKasasuiHe, qxo saBHCH- 
MOCTb iK)p, L—f (JF) MOHCeX 6 bITK 

BupaxceHa jih6o ypasHeHHeM 
KBaApaxHqHofi napaSojibi BH2ia AF- BF -\-C, .xn 6 o KyOnqecKofi 
BHita Ay^F^ BiF'^ C^F + D. PacxoJK;^eHHe K03c|)(|)Hii;HeHxoB 
^x^eK^HH, paccqHxaHHbix no 3 xhm ypaBHeHHHM, h 3 KCnepHMeH- 
xajibHbix He npeBbimajio 3 — 4 %. Ho sxhm paseHcxEaM 6 bi,xn 
onpejiejieHbi sHaqeHHH {FouAp. l h (Aniax)p. l , Koxopbie vinHeftno 
saBucejiH ox P (xa 6 .x. 3 ). 





f >5 to 10 fZ m 16 16ZOP 
Phc. 2. SaBHCHMOCTb KOSlJj^jHUHeHTa 
3>KeKmiH K OT napaMeTpoB P vl F 
npii L = 7.5: 


T a 6 .7 HU a 3 

ypaBHeHHSi (/Cniax)!. = f {P) H {FonAL = fi (P) 


L 


A (P) 

2,5 

/Cmax = 0 , 153 P- 4 - 4,79 

AonT = 0 ,l 83 P+ 8,86 

5,0 

A'n 3 ax = 0 . 178 P+ 4,56 

■fonx = 0 . 193 P -f 9,56 

7,5 

Ama.x = 0,24 P-{" 3,9 

Aonx = 0 , 112 P-|- 12,88 

10 

Ania.x= 0 ;i 99 P + 3,43 

Foht = 0 ,I 29 P 4 - 13,22 


OyxeM ;iH 4 ) 4 )epeHu,HpoBaHHH ypasHeHHft napaOoVibi onpeAe- 
TieHbi SHaqeHHH jijia KaxcAoro P h Kmax , cooxBexcTBviom.ne 
AaHHOMy P H Lonr- 

Ha pHC. 3 , a npeACxaBAena saBHCHMocxb (F^nr)p = ® (L)- HMen 
SHaqeHHH (i-onr)p » MOXCHO OnpeAeAHXb BeAHqHHbl COOXBex- 

CXByiOmHe AaHHbIM P H Lon-r- 
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rio^yqeHHtie SHa^eHiin F r 

hhmh iynKmnun 6espZep7oro ;ii:e^^^^ 

Ama.c = 0,22P 4-4,18; (1) 

^otrr ~ / ,96 IgP -j- 4,39; ^2) 

-^onT ~ 4,45 IgP 4- 1,25. 

4./MB„ro P KS|“|HTHLTa“3»eKum^ rreo«e""““ 

cK„e pasMepB. 3*eKTopa. HeolfoS 

HTo6bi npoBepiiTb nojiy- 
^leHHbie vpaBHeHiiH, 6bij]n 
npoBe.iieHbi KOHxpojibHbie 
SKCnepHMCHTbl inpH npOTH- 
Bo.naB,xeHHH Pcji=0,8; 1,2; 
1,6 h / cm ^ (noCvne.ziHne coot- 
BeTCTBCHHo B 1,5 H 2 pasa 
Sojibuie, i^eM B onbirax, na 

OCHOBaHHH KOTOpbl.X 6bI,TIlI 
no.iyqeHbi vpaBHeHnsi ( 1 ) — 
(3)). Ho peayjibTaraM 




a 1 

— 


6 



'/2j\ 

Us 

§ 

□ 

w 



Pile. 3. CoBMemeHHbiii rpacJjiiK aaBHCH.MocTeft: 

“ ^^max}P ~ 7 — ‘f—P no Ta6.i. 1 ); 

^■^onrl-P ~ 4 — F no raGji. 1) 

onbiTOB SbiwiH CKoppeKTHpoLHbi^ypaBH^mfa YiTh 
(3), KOTopbie npuHHMaioT cjiejiyiomHH OKOHqarejibHbiH bhu: ^ ^ 

^max = 0,23P4-3,7; (4) 

^onT = 8,8]gP — 4,7. (5) 

i9o5”’r ® °n^^Tax OTJinqa.iocb OT /Cn,ax TeopexjiqecKoro Has — 
I /q AJia Bcex BHaqeHHfl P, a oxKJioHeHiie Z-onT b onbixax (hdh 
20—50% H Hapacxa.io c yMeHbuieHneM P. 

^xo o6-bHCHaeTC5i, oqeBn;iHo, xcm, qxo ocecHMMexpiiqHaH ra 
soBaa expya. SHceKXHpyiomaH xBep/ibie qaexH™ ne 
aBxoMo;ie.abHOH. TeoMexpHa cxpyH, yro,x ee pacKpbi^Ha ^BH^a? 
ox npOXHBOAaBJieHHH H KOHUCHXpapHH B Hefi XBepXx qaCTHH 

3MnHpHqecKHe ypaBHeHHa (2), (4), (5) nosBo- 
paccqHxaxb MaKCHMa./IbHbIH V AaHHbIX 
^C^OBHaX K03(3)$HUHeHX 3JKeKHHH H OnXHMa,XbHbie reoMexpHqe- 
cKiie pasMepbi sjKeKxopa. uMcipwqe 

06o3Ha4eHHa 

3>KeKXHpyK)mero rasa; P^ — AaB.ieHHe b hdh- 
JKeHHOv^TiTe- npoTHBOitaBJieHHe b nceBAoo>^ii- 

4.c-/iiiaMexp KaMepbi CMe- 
Y — vaejTKHMft conaa jio Kaiwepbi CMeuieHHa; 

Vr y<fte,;ibHbifi sec saceKTiipyiomero rasa; Pr — easKoexb aweK-- 
THpyromero rasa; Y.. - y^e^Hbift Bee TBep^bix qaexH^rX^^ 
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H. A. (pyKC, .4. .4. KllPin 

BJ1H5IHHE KOHAEHCAUHH HAPA HA FPAHyjlAX 
H HCHAPEHH^ C HX HOBEPXHOCTH 
HA 0CA>KAEHHE A3P030J1EP1 
B SEPHHCTbIX 4>HJlbTPAX 

B HeKOTopbix TexHo.aornqecKiix npoueccax nponycKaiOT sanbi- 
.leHHbiH rop5jqnH ras, co;iep»camHH KOHAencnpyKTimiecH napbi, 
qepes nacaAoqHyio KOJiOHHy. Ha neft npoHcxo^lHT npii stom ojiho- 
BpeMeHHO KOH/teHcapHH napa h ocajK^eHne asposojibHux qacxim. 
HHor^a sanbi.TieHKbiii ras nponycKarox qepes opouiaeMVio bohoh 
H acaAKy, npn stom ocaMCACHHe nbiAH npoHcxoAHT b o6paTHbix 
ycjiOBHHX — npH HcnapeHHH boah c nacaAKH. B nepBOM CAyqae 
CAeAyex oJKHAaTb BospacraHHa, a bo BTopoM — yMeHbiueHHH 
ocaacAeHHH bbiah b KOAOHHe. AHaAornqHbie HBACHHa npOHcxoAHT 
npH copSpHH H AecopSAHH napa na rpanyAax. HacKOJibKo naM 
iisBecTHO, 3TII HBAeniia ao cero speMCHH ne iiccAeAOBaHbi KOJiiiqe- 
CTBCHHO, qxo H npuBeAo K nocxanoBKe Haoxonmeft paSoxbi. 

PaccMaxpHBan ocaacAenna aaposoAa na rpanyAax npn cop6 - 
UHH (hjih KOHAencauHii) na hhx napa b oxcyxcxBne Apyrnx Mexa- 
HHSMOB ocajKAeHHH, ycxaHOBAeHo cAeAyromee. 

CKopocxb ABHJKeHHa (AHcJt^jysHotJiopesa) aaposoAbHbix qacxnn 
BOAHSH noBepxHocxH rpanyAbi, na Koxopoft npoHcxoAiix copSuna, 
HanpaB.xena k axon nosepxHocxH n paBHa 


V — — KD grad 6-, . 


( 1 ) 


BeAHanna KOstJi^JHUHeHxa K MOJKex 6bixb xoqno BbiqucAena 
xeopexHqecKH Anuib npn r<^A [1 — 3], B sxom CAyqae npn AH(|)(|)y- 
SHH napa qepes HenoABii,KHbiH caoh rasa CKopocxb qaciim Bbipa- 
n^aexca 

an] 0 1 D grad c, 

Y == i X /o) 

Co (ci 6i mY‘ + C2 0 a ^ ^ 

He ACAaa sawexHoft oiuiiSkh, moacho npuHaxb = 0.3; xorAa 
Aah V noAyqaeM vpaBHenne 

cmY=‘ D grad 
C 2 (cimy = -h c^mY *) ■ 

ZlAa qacxim c r«/. ns onbixoB UlMHxxa [4] c KaneAbKaxiH cn- 
AiiKOHOBoro MacAa B AH(J)(i)yHAHpyiom,eM qepes HenoABnacHbin 


- 


(uioii BOSAVxa npn nonif/KeHHbix AaBAennax boahhom nape n sna- 
qennax r/;,= l — 6 CACAyex, qxo n b axon odAacxn (JiopMyAa (3) 
yAOBAexBopnxeAbHo corAacyexca c SKcnepHMeHxaAbHbiitni Aan- 
HbiMH, HO K03(|)4>HmieHx /( oqeHb mcaachho y6biBaex c pocxoM 
c//l. B onbixax A. H. Cxopojkhaoboh [ 5] c qacximaMii BaseAiino- 
Boro AiacAa 11 okhch Marnna noAyqen xox a<e pesvAbxax aah 
r/k = Q,7 — 2,0, HO AAa ooAbmiix sHaqeHun r//, cKopocxb Ancjnlivsiio- 
(fiopesa npHOAHSHxeAbHo b 2 pasa doAbme, qeM no (JiopMyAe (3). 

ripn ABHAieHiiH asposoAa qepes sepHHCXbin (|mAbxp Ha noBepx- 
HocxH dS rpanvA, coAepHcauiHxca b 3AeMeHxapHOM cAoe cJniAbxpa, 
copSnpyexca sa BpeMa dt, neoSxoAHMoe aah BbixecHCHHa a3po- 
soAH ns 3X0X0 cAoa, cAeAyiomee KOAiiqecxBo napa: 


napa, 


(4) 


A-' = D I grad c-i^\dSdt MOAefl 

C2 

XAe [grad Cjj — aocoAioxHan seAnquHa rpaAHeHxa. <J>aKTop c/c^ 
oOycAOBAeH xeM, qxo nap AHtJttfiyHAHpyex qepes HenoABHSKHHft 
CAoft rasa [6], 3a cqex copSimn napa KOHneHxpau,nH ero nsMd- 
HHXcn npn npoxoKAeHnn qepes CAOfi na BeAnqnHV 


A Cl = 


cD 1 grad Ci | dSdt 
Code 


( 5 > 


XAe dv — od-beM sano.xHeHHoro rasoM npocxpaHcxBa b cjioe. 

IlpH yMeHbiueHHH KOHn.eHTpaHHH napa na Aci oxHOCHxejibHoe 
yMeHbmeHne o6x>eMa asposoAH coexaBHx Aci/c. Flpn bxom mh 
npeneSperaeM nepenanoM AaBAenim b tJiHAbxpe, x. e. cqnxaeM 
noAHyio MOAHpHyK) KOHneHTpamno b naporasoBon CMecu c noexo- 
HHHOH. 3a cqex 3xoro yMCHbrneHnn o6x>eMa KOHHeHxpanHn napa 
nsMeniixcH na BCAHqHHy 

, Cl A c, 

oci^— -A i. (6) 

c 

rioAHoe HSMeHCHHe KOHueHxpaHHH napa coexaenx 

dci =Aci + 3ci = Aci/ 1 - = — DIgradcJ (7> 

\ c / ' dv 

AnaAoxHqHo, coxviacHo (3), b paccMaxpHsaewoM cAoe ocHAex sa 
cqex AH4)4>3'^3BO$ope3a 


ncmY"-D\gTadcx\dSdt 
AA' = ; r: ^ qaCXHU, 


( 8 > 


Co (Ci/n^i 4 - c^my^) 

dAaroAapH qewy eqexHaa KOHneHxpamiH asposoAH n hsmchhxch 
Ha 

ncmy^D ) grad Ci j dSdt 


^n= — 


C2 (cim'/s -f c^tnY^) dv 


(9) 
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yKasaHHoe Bume yMeMbuieHiie oStewa asposojiH ButaoBeT iiSMe- 
HeHite KOHueHTpaumi qacTHii, na nojioacnTe.TbHyio BejinqHHV 

In _ _ ^ /iD I grad [ dSdt ^ 

c Code’ 

no^iHoe HSMeHeHHe KOHueHxpauHH aspoao.iH 

nD I grad Ci j — m'/*) dSdt 

dn = A /I -j- 0/1 = i . (11) 

SaBHCHMocTb MeavAy naMeHeHiieM KonueHTpauHH napa h aapo- 
30ci3 BbipaacaercH ypasHeHiieM 

dn dc^ f 

n -V Cam.V'-’ , c v ^ 

‘ 7 

J4./1H nocjie HHTerpapoBaHHH 


In n = In ^ t*! -+ j 4- const. 


OTHoineHiie KOHueHTpauufi asposonsi na Bbixo^e n na bxo;i<? 
B 4)ii./ibTp B Cviyuae nojiHoro norjiomeHitH napa 


TaKiiM oopaaoM, iipii nii > m2 KOHueHTpamin aapoaonn npn 
npoxoTKaenmi ^epea (|)iinbTp yMenbiuaeTca, a npii nio > nii yse- 
..iimiiBaeTca. JXna npocKOKa aaposona, x. e. oxHomeHiia micna aa- 
cTim. Bbixoaamiix ns 4>l^‘^t,Tpa n nocxynatoinnx b nero, iiMeeM 


Tax Kax MiiHii.ManbHoe snaneHne p paBHO —1, xo NjNo BcerAa 
MeHbiue 1. ripii 3XOM npe3.nonaraercH (xaK oobiqno b xeopini 
4*iinbxpamin asposo.xeft), qxo KOHij.eHxpauHa aapoaojibHbix na- 
cxim y noBepxHOcxn rpaHyn pasna cpeOTen KOHpoHxpamiH b ^an- 
HOM cnoe (Jntnbxpa, x. e. npii nepe.xo;ie aapoBonn na cjioh b cjioii 
OH nepe.MeiuHBaexcH. ripoBecxn onbix, b KoxopoM aaposojib ocajK- 
3,ancH 6bi Ha rpaHynax xo.ibKO noA AeftcTBiieM Aiicji^ysno^opesa, 
KeBOBMOHsHo, xaK KaK OAHOBpe.vieHHo AeftcxByiox n Apynie iMexa- 
HHBMbi oca>KAeHiiH II pacHOx cyMMapHoro 3(|)(J)eKTa qpesBbiqaiiHo 
cnoKeH. rioaxoMy b xanecTBe nepsoro npiidnHyKeHHH npHMeivK 
96 


c.ieAyiomn.Mii co- 


MTo s^nJieKTbi AiicjDcfiysnucliopesn n Bcex .iiiynix MexaHiisMOB aAAu- 
TJiBHbi. liHbiMii cnoBa.Mii, B tpop.Mv.ie (15) A'/A 0 osHaqaex oxHouie- 
H.ne npocKOKa nepes (Jnrnbxp npn HaniiMini n b oxcyxcTBiie copo- 
mni napa. 

B cnyqae iicnapeHiin c noBepxHocxn rpaHy.i 3 (J) 4 )eKT oy.xcr 
oopaTHbi.M, T. e. npocKOK aaposo.in yBenimiixcn, 11 b xom >Ke n'pe.i- 
nonoHxeHnii 06 baahtiibhoctii mo>kho iicnonbsoBaTb (popMy- 
.xy (15). Toraa NjNo oyper doxbuie eAimnubi. 11 eenn b (fninbxp 
noexynaer aspoaonb. ne coAepxKamnn napa. xo Cq osHaxaex b35i- 
xyio CO BHaKOM xiiiHyc KOHueHxpauino napa b Bbixo.xnme.n ns 
cjni.xbxpa a 3 po 3 one. 

npii Bbidope ycnoBiifi oiibixa no.xbsoBa.xiicb c.ieAyiomn.Mii co- 
OOpaTKeHHHMII. 

KoHAeHcauiiH napa na xpaHynax b BiiAe tkiiakoh nneHKii Mor- 
Jia cymecxBeHHO ncKasnxb ycnoBHn (fnmbxpamin. 3xoro moh<ho 
obbxo naden-eaxb. paSoxan nniub c copdiipyiomnMii nap rpany- 
na.Mii. yxieBbujeHiTH «co6crBeHHoro» (ne CBHsaHHoro c nmp- 

4)y3HO(j)ope30M ) nor.xomeHiiH aaposonn 4)nnbxpo.M c.ieAOBa.xo 
npHMeHHXb KpynHbie rpaHv.xbi n AoexaxonHo Me.xKne (nopnAKa 
0,1 mk ) a3po30AbHbie nacrimbi. r[AH y-MenbiueHun pasorpeBaniiH 
iHHxxbi npn copSunn, BbisbiBaKDinero xep.AiocpopexnMecKoe oxxan- 
KiiBanne qacxnu ox rpanya, Heo6xoAnMO 6bino noAbaoBaxbcn 
KpynnonopncxbiM copSeHxoM. JIah AocxiOKennH aa.MexHon Benn- 
miHbi iisynaeMoro scjicpeKxa oxHomeHiie cq/c hc aoa>kho dbixb 
oneHb MaAbi.M. riosxoMy npn KOMnaxHOii xe.Mnepaxype cneAOBaAo 
padoxaxb c napoM secbMa nexynen >xhakocxh. Hacxnubi aaposoAH 
He AOAHvHbi nor.xomaxb nap, xax Kax 3xo BbisBano 6bi «An4i4)y3n- 
pHHyio noAHpH3anHK)» [7] qacxnu. KpoMe xoro. b 3xom CAynae 
cxaAo 6bi HeB03M0H\Hbi.M xiiHAHAA HMexpimecxoe iiB-MepeHiie npo- 
exoxa. rio xon Hce npimuHe owao HeyAOOHo paSoxaxb c onenb 
MeAxiiMH, CAaSo paccenBaiomiiMH oBer qacxHHaMii. 

C yqexo.M iisAO/xeHHoro onwxbi npoBOAiiAiiCb c napaMn axiiAO- 
Boro sipnpa b mnxxe ns xpynHonopncxoro ciiAuxareAn KCI\ 
c pasMepoM rpanyA — 4 .u.n n aspoaoAHMii ns cenena c r=0.1 n 
0,2 MK. noAvnaBimiMHCH b reneparope xiina CnHXAepa-.HaMepa 
(pnc. I). OcymeHHbin cpiiAbxpoBaHHbin asox, coAep>xaBLunn HApa 
KOHACHcaunn, oOpasyiomnecH b avtobom paspnae Me>XAy nAarn- 
HOBbiMii SAexxpoAaMH. nponycxaACH co cxopocxbio 0,23 a/muh aah 
r = 0, 1 MK n 0,8 .ijMiiH aah r = 0.2 mk nepes L/'-oopasHyio xpyoxy. 
coAepyxamvio pacnAaBACHHbin ceneH n naxoAiiBinyiocn b bosavih- 
hom xepMocxaxe c xeMnepaxypon 220° C Ann /•=0,1 mk n 260°C 
AAH r = 0,2 MK, n noexynaA b BosAyuiHbin .xoAOAHAbHux, b xoxo- 
poM nponcxoAiiAo oopaaoBanne aspoaoAn. FlocAeAHnn paadaB- 
AHACH saxeM asoxoM, nGAaBaBiiiinvicH co cxopocxbio 1,2 .i/muh. 
PasMep nacxMu c r=Q.2 mk onpeAennACH ocmiAAannoHHbi.M 4^0- 
xorpat^nnecKiiM .MexoAOM c nepesapnAKon qacxim [8] c xoMHOcxbio 
54 ,. B c.xywae /■ = 0,1 mk aspoaoAb ocajKAaAcn na xoHqanunix 
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Ho.ioKHax (jaii.ibrpa Ofl ii pa3:>!ep -lacTim onpeje.TH.ic5i no s.ieKT- 
pOHHblM MnKpo(JOTOrpa(}3nHM C TOHHOCTblO 20%. B o6on.\ c.iv- 
wanx a 3 po 3 o.in obi.in Bccbivia MOHojiicnepcHbiMii. 

_ Asposo.ib nponycKa.iCH nepe.i jee eMKocrn o 6 j,eMOM 20 ii 
OO A. KOTOpbie O.lVyKH.m J J H Cr.ia/XIlBaHIlH TO.IMKOB II BbipaBHIi- 
BaHiiH KOHueHTpaunii. A\e>xjv eMKocT 5 ]Mii noMeiua.ioi >KniKocT- 
Hbin MaHocTCT. Jla.iee aspoao.ib npoxojii.i naj noBepxHocTb>o 



Piic. ] . C'.xe.Ma V 


CTaHOHKU: 


.-1 — r 


HcpaTop sj;iep K(in.5eHcauiin: B — Tpv<)Ka c ce.nc-H.)'r C - 
TepMocTaT; £> — Boaflyiunwii .xr;.TO;iH.abHHK;" £ — CMcvjiTenb- Ff' 
O MaHocTar; ti — peoMerp; I — TupMocTaTiijxmaniibiif coova c sd 
Ko.aoHK-.i o cH.anKarcMeM; AL — kimhw; .V — Heiie.ioMcTi/; - 

Q — KaT.:^pr'.^!l■Tp ' 




B TepMocTarnpoBaHHOM (c TonHocTbio 
0,05) cocyje npii Texineparypax or 22 jo35°C. Heoo.ibuion 
ooj.eM aapoao.iH nponycKajcn lepes KarapoivieTp (repMoaHajn- 
saxop), npejsapiire.ibHo npoKa.inopoBaHHbin no napaxr sdinpa 
J.1H onpeje.ieHiiH cojep>KaHiiH riocjejnero. 3a BpeAin onbix^i 
napmia.ibHoe jaBjemie napoB a^upa^ nsMepHBuieecH c tom- 
HOCTbio 2b/ h/m-, ocxaBajocb nocxoHHHbiM. SaxiexiiM, nxo npn 
npiiMeHHBinnxcH b sxiix oribixax Becbxia Ma.xbix BecoBbix KOHueH- 
TpamiHx aaposo.iH Hajiinne jiiciiepcHon (|)a3bi ne b.iiih.io Ha no- 
KaaaHiiH Kaxapo.Mexpa. 

OcHOBHan Macca aaposo.iH nocxyna.ia b (jDOxos.ieKxpnnecKnH 
HecjiejOMexp (cpSH) .inOo HenocpejcxseHHo, .iiiSo npofijn ko- 
.lOHKA jiiaxiexpoM 0,4 — 3.8 cm c BbicymeHHbiM ciuiiKare.ieM ii 
xaKHM oOpaaoM onpeje.XH.iC5i iipocKOK npn Ha.inmni copOunn 
napa b rpanyiax. Cnopocxh xeneHiin aaposo.iH naj uihxxoh 2,0— 
-. 8 ^ CM/ceK. 4acxb BbixojnBuiero na ko.xohkii aaposo.in nponvc- 
Ka.iacb nepea Kaxapowexp j.ia KOHxpo.iH iior.iomeHiiH napoB 
3(piipa n jjH onpeje.ieHijH MOMCHxa npocKOKa nx nepea kojoh- 
K\ . axoj'cA npocKOKa KOHueHxpaunH BbixojiiBiiiero iia ko.iohkh 
aapoao.iH Obi.ia cxporo nocxoHHHon. B KOHxpo.ibHOM onwxe ana- 
9(S 



.loniHHo onpeje.iH.icH npocKOK aapoao.iH b oxcvxcxBiie naooB 
9(i)Hpa (0,92 npn /-=0,1 .nx- n 0,88 npn /- = 0,2 .nx)' L otcL" na 
xojn.iacb Be.innnHa oxHomennH X/No (cm. (JiopMxxiv (15))^ Hih 
K a*Mn A'AV„ aeoaoccb HecKo.iLo risMepeHHft npo” 

ChOha c napaMii aijjiipa ii Sea hiix ii 6pa.incb cpeaHiie 3Ha<jeHHH 
ToMHoCTb onpeae,ieHn5, .\7A'„ cocTaB.aaaa ~ 2”];. Ciejveraave- 

THXb, nxo oObmHbin cnocoO paOoxbi c necjie.ioMexpOM 03H-58 

iiponycKaHiie yaKon cxpyn ■ , 

aapoaojiH. oSjyBaeMoii ^nub- 
rpoBaHHbiM BoajyxoM, b jan- 
HOM c.xynae OKaaajiCH neyjoO- 
HbiM. OoaxoMy mh jaea.m 
aapoao.iio aanojiHHXb Bce ce- 
Henne KaMepu He^ejioMexpa. 

Ha 4X0 TpeOoBa.iocb necKo.ib- 
Ko MHHyx. B yc.ioBHHx axnx 
onbixoB (cnexHon KOHuenxpa- 
nnii aapoaojiH nopHjKa 5 • 

• 10-* CM—-" n r = 0,1— 0,2 .mx) 
cxeneHb Koary.innnn aapoao- 
.iH Obi.ia HeaHannxe.ibHon. a 
noKaaaHHH netjjejioMexpa 6bi- 
.111 cxporo nponopnnoHajib- 
Hbi KOHneHTpamiH aapoaojiH. 

MaKcnMa.ibHbin paaorpeB 
innxxbi npn coponnn aifnipa, 
naMepHBmnncH xepMonapoft, 
noMenteHHOH y ocn ko.iohkh, 
cocxaB.iH.i 22° C npn Co/c = 0,I n 17° C npn ro/c = 0,062 noKaaa- 
HiiH He^ejiOMexpa, Kaxapo.Mexpa, repMoanfeMeHTa n (jDoxoajieMen- 
xa, perncxpiipoBaBmero liHxeHCHBHocxb ncxonniiKa CBexa b Hect)e.io- 
Mexpe, BbiBojn.incb na caMonniuyunin noxenunoMexp KBT-6/EH 
Bbicoxa mnxxbi b KO.ioHKe (20 cm) Bbionpa.iacb c xaniiM 
pacnexoM, nxoObi nor.iomeHiie napoe a(|}npa obi.io no.iHbiM n nx 
npocKoiv nepea Ko.iOHKy nponc.xo.jn.i 6bi ne panee mcm nepea 
10 15 MUH noc.ie nana.ia onbixa j.ih xoro, qxoSbi mojkho 6bi.io 

npojyxb aapoao.ieM Bce KOMMynnKamni n Kamepy HeiJie.iOMexpa 
n 4xo6bi HOKaaaHHH noc.iejHero npuHH.in nocxoHHHvro Be.inqHHy. 
CKopocxb xeqeHHH aapoao.iH b Ko.ioHxe HecKo.ibKo (<10%‘) 
yObiBa.ia no Mepe nor.iomennH napoB 3(|)npa, ojnaKo Obi.io ycxa- 
HOBjieHo, 4X0 xaKoe HSMeHeHiie CKopocxn ne B.inHex na «co6cx- 
BeHHoe» ocaTKjenne aapoao.iH b Ko.iOHKe. Oepenaj jaBjieHiiH 
B Ko.iOHKe He npeBbima.i 200 w/.n-. 

H.151 iicc.iejOBaHiiH B.iiiHHiiH HCHapeHiiH c noBep.xHocxH rpa- 
Hy.i na oca>KjeHne aapoao.iH Ko.iOHKa npojyBa.iacb cojepHca- 
uiiiM napbi a{|)npa aapoao.ieM jo Hacxvn.ieHHH paBHOBecnn. 
noc.ie nero npocKOK aapoao.iH je.ia.icn b xohhocxh paBHbiM npo- 

99 


0.05 0.10 c^jc 

P»c. 2. BjiHHHiie copomiii napoB sdjiipa 
H ero JicnapeHiiH Ha ocaH<.ieHiie ce.ieHo- 
Hbi.K aapoao.ieii b Ko.ioHKe iia cii.iiiKare.iB; 
£- cop6uuH. r = c.l .V^■; 7 - = 

— .vk; — HcnapemiL', r = 0, 1 _ 

MojifaHaM 34Diipa. Cn,ioiiiHa« njiHHH 

Be,:ieHa no cJjop.Myjie (15) c = 0,623. aKcneni!- 

c jneroii towh vtii <)npe;;e.icHHH A’ A’,. 
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CKOKV B KOHXpo.TbHblX OOblTaX (b OTCVTCTBUe 3(}31ipa). T. 0. Ha.lll- 
Miie 3(J)irpa He CKasbiBa.nocb Ha «C(j6cTBeHHOM» oca;«:ieHiiii b ko- 
7iOHKe. ripn nponycKaHiiii >Ke He co.T.epH<amero napoB aapoao.ia 
'^repes HacbimeHHvio scjjiipoM ko.tohkv npocKOK, Kan ii c.Te.it)Ba.io 
oyKii.T.aTb, HecKO.ibKo Bospacja.i. 

Kax Bn,T,HO II3 ptic. 2, Ha6.iio.T,aBmiJHCH BcficjDeKT Ha -- 20% 
Bbime TeopeTHqecKH BbmHc.neHHoro npii r = 0.1 mk n na - 10% 
npii ^ = 0^2 MK, HecMOTpn na to mto paaorpeBaHite muxTbi ;],o.n>KHO 
obKTo a,eHCTBOBaTb B oOpaxHOM HaiipaB.ieHHH. BniiHHiie pasxiepa 
Macxim Ha Be^ximuHv 3tt)4)eKxa comacyexcn c aanHUMii IJJMuxxa. 
O npuMHHax pacxoTKiteHHH b HacxoHuiee spewa cyanTb xpy.xHo. 
Bo BCHKOM cjiynae cJtopMy.ia (15) Mo>Kex cny>Knxb , 3.151 oueHKii 
Be.iHMiiHbi 3(j34JeKxa. B MacxHocxii, OH MO>Kex iiMexb npaKxiiMecKoe 
sHaqeHHe .inujb npii Oo.ibiuiix SHaMeniiax Mo.i 5 ipHOH ao.m napa. 
Oxcio^ia c.ie3,yex. qxo B.iiiHHne B.ia>KHOcxn aaposo.ia ii.iii ujiixxbi 
npn oObiiiHbix xeMnepaxypax ao.i/XHo Obixb BecbMa Ma.iwM. 

06o3HaHeHM$i 

r — pa^iiyc asposo.ibHbix tiacxHu; /. - cpe^HHH a.iiiHa cbo- 
ooAHoro nyxii rasoBbix M 0 . 7 ieKy.i; D — K03tjj(jiimneHx ;3H(j3cj}y3iin 
napa; Cj, c.j — MOJinpHbie K'OHneHTpamni; nij, iii-y — Mo.xeKyjiap- 
Hbie Beca napa n rasa; c = Ci -f c.,; ^ = {ni]'- — 0 = 

= ^ H — a-— ;io.i5i an^fjiysHO pacceanHbix noBepxHOCxbio 

O 

nacTHUu rasoBbix MOJieKyTi; /I q — Hana.ibHan KOHneHTpamiH aspo- 
3o;i5i; /V/A^o — OTHomenne npocKOKOB a3p03o;i5i nepes KOTiOHHy 
npH Ha.iiiqiiH h OTcyxcTBUH AUfjicjiysiiotJiopesa. 
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B. E. JIABHJICOH 

OB yCKOPEHHH TBEPJlblX HACTHU, HOTOKOM EABA 
B UHJlHH^PHqECKOW TPVBE 

ZlBiiyKeHue rasooopasHOH 11 xBepAon tjias npeAno.iaraexcH 
0,lHOMepHbI.M 11 yCXaHOBIIBinilMCH. 

Bsan.Mo.ieAcxBiie ABiuKymeftcn cpe. 4 bi co cxeHKa.Mn xpyow h 
B saii.MoaeiicxBiie xeepAbix qacxim .Me>Kjiv coSofi ne paccMaxon- 
BaiOXCH. ■ 

Hana.ibHbiM cepeHneM xpyObi OyjeM cniixaxb cenenHe, rae 
bbojhxch b noxoK rasa xBepjtbie Macxiiubi (pnc. 1). riapaMexpbi 
cpe.Hbi B HananbHOM ceneHnii o6o3HaqnM hhackcom 1. Tsepabie 
MacxHUbi OyAOM CMnxaxb oaiiHaKOBbiMii KyOaMii. KpviiHocxb koxo- 
pbix onpeae.ineM cxopoHofi KyOa A/. 

n^cxb/^T n.Toma.Xb, saHHxan b AaHHOM ceneHiiii xpvobi 
TBepjioH (|)a30H B KaKOPi-.in6o .MOMenx BpeMenn. Opn Bbi6ope';io- 
cxarowHO Ooabinoro nepiioaa ocpeAHenna r cpejnee SHaweHne 
3X01! n.nomajii 

^ I (0 cU 


oyaex iiocxoHHHbi.M /tan .naHHoro ceqeHiiH xpvObi. 3.:iecb F — 3*- 
4>eKxiiBHan n.xoma3.b XBep;ioH (jiaabi. ' ^ 

BBe/teHHe iiohhxhh 3(|)(|)eKxiiBHOH n.iomaan XBepjon (fiasbi 
.xaex BOSMOJKHOcxb sanucaxb Maccy XBepjioro Bemecxsa, nepeno- 
cii.Moro b ceKyH.iy qepes aaHHoe ceneHiie, b «rnapaB.i’iiMecKoib> 
(jiop.Me 

Wt = 

OcpeAHeHHbiH no Bpe.MeHii pacxo:i TBepAon cfiasbi //^ oahh 11 xor 
>Ke B .X1060M ceneHini xpy6bi, nocKo.4bKv ABii>KeHne vcxanoBiiB- 
nieecH. C.ieAosaxe.ibHo: 

c _ const 


y.MeHbmeHiie srjicjieFxTiiBHOH n.iomanii (b Harnefi «KBa3iiHenpe- 
pbiBHOH» MOAe.xii xBepAofi (iiasbi) c pocroM CKopocxn oxpaTKaer 

lOl 



Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


Sanitized Copy Approved for Release 2011/02/23 : CIA-RDP82-00038R001 700080004-3 


narteHHe ikiothocth co^epaoHiiJi TBep^oro BemecTsa b npoci- 
pancTBe no Mepe vcKopenHyi TBep^bix MacTim. 

npiiMeHaa npeo6pa30BaHne. npe,3no>KeHHoe B. .M. Kiice.ie- 
BbiM [1], np6;iCTaBi!M no^iHbiii HMiiwibc rasa b (|)opMe 


- Fn ^ (/-,-) . 


2k 

rjie 

z0.,^ =-- + J_ . 

^kP /'p 

nocKo.TbKv TeneHiie rasa iipoiicxo^HT c sneproooMeHOM, kpiith 

n6CKaa CKOnnpTK •?R\-I<rn d n/-.rTWTr„ ^ 



sanmneM vpaBHeHiie iixinynbcoB ;ijih rasa. aaK.iiOMeHHoro Me>Kay 
Haqa.TbHbiM n npoiiSBo.ibHbiM ceneHitHMii Tpy6bi. Tax; 

|/Tz(/.p)4- A, k, ^A,. (3) 

EccTh nepe;iaMa SHepriin ox rasa k TBepjbiM MacximaM npoiic- 
xojiHT To.TbKo B MexaHimecKoii (|)opxie, oananc nepenoca SHepnin 
noJiyqiiM, npiipaBHusaa yMenbineHiie cexvHjHoro nepenoca 
rro.xHOH snepriin rasoM npiipocxy nepenoca KirHeTiiMecKon snep- 
riiii TBep.xbiivin MacrnuaMii: 

+ A, /.; = ^4 ,. 

r;ie 


A’- 1 


(4) 

(5) 


OxHoineHiie MecxHoft xeMriepaxypH TopMoa<eHnn k nana.ibHon 
Texinepaxype TopMon<eHnH rasa (piic. 2) > noKasbiBaex, Kaxafi 
nacTb no.THOii snepriiii rasa saxpanena na cooomenne XBepaoit 
4)ase aaHHOii CKopocxn 

^ Pnc. 2 , 3 , 4 paccmixaHbi b npeano.io>KeHini /.ti = 0 ; pnc. 4 — ai=!. 


IIs CHCxeMbi ypaBHeHiiu (3) n (4| npn nsBecxnbix napaMex- 
pax A ri H n onpep.e.XHexcn CBnsb MeH\.x\ 6espa3MepHbnni cko- 
pocxfiMii rasooopasHon n xaepaon (|)a3; 


2 (/.p) ^ 


-4.-. 4,/.. 

] -44- -4^/4 • 


( 6 ) 


iliitj3(]3epeHuna.ibHoe ypaBnenne aBn>KeHiin opHofi ns xBep- 
.i,bix nacxnu, 

A/77pcV-^^ = (7) 

dx 9 

nosBonnex CBasaxb CKopocxn ^ ii 
7^ c Koopsiinaxofi A:ceqeHH5} xpy6bi. 

B ypaBHennii K03c}3c|.)HmieHx conpo- 
xiiB.xeHiiH nacxnubi cmixaexcH no- 
cxonnnbiM. O/inaxo sxo npe^ino.xo- 
TKenne ne hbjihcxch npunminHaab- 
HbiM ii.XH pasBiiBae.Moro Mexozta. 

Hxo6bi ypaBHeHHK) (7) npnnaxb 
oespasMepnyK) cjiop.My, sanniueM 
ero B Blue 

dx = d - - 



A/ 


(2 Jo 


Pnc. 2. OTHoiueHiie MecTnou tcm- 
nepaxypu TopMoaveHiia k Haqajib- 
Hoii Tejmepaxype rasa 




p. (pr)o / ^ y- ’ 

(?r)o (Pr)ol I ^Kpl ‘ j 


(8) 


^Kpl 


= V ; 


( 9 ) 


Pr 

~ ^ (^'r) HSBecTHan xaS.’iimHaH rasojiHHaMiiqecKaH ^JVhk- 
mia [2}; ^ ‘ onpejte.xaeM, Hcno.xb3yfl vpaBHenne coctohhhh 

vPr/oi 

rasa b nponsBO^bHOM h nanajibHOM ceneHHHx 

(pr)o _ Pq 1 

(Pr)oi Pal Q 

H ypaBHenne nocxoHHCTBa xMaccoBoro pacxo;i.a b (:|)op.\!e 


VTo 




Poi_ 

Vt^i 


(^1 — • 


(10) 

( 11 ) 
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3jiecb qO-r) = 


T ^'r 


- npiiBejieHHbin cekVHaHbin pacxoj 


ra.sa, xaRTKo HB.iHexcH xao.xnHHOu (^VHKiuieH [2]. I la (IH naxo- 

a,!i.\i KOS(jj(|niij,neHX BOCcxaHOB.aeHHH jaB/ieHim xopmokchiih 

1— - . 

/■V. _ F, q('Ti ) 

A.l 


1 — - 




noc.ie aero na (10) 

(F:). ^ 
ir-'rVa 


_J 

I ^ 


1 -- 


q (K) 

f, qO-ri) 

^3 qOr) 


( 12 ) 


(13) 


no oiipe.xe.ieHUR) — . C.iej,OBaxe.ibHo; 

r^T-^3i-TJ „ ■'ti 


F^ 

F, 




ixie 


JliL 

F, 


(14) 


I aa.MexiiM. axo napawexphi n m z hc HBrinioxca HeBaBiiciiMbiMH. 
A\e>Kjv HiiMii HMeexcB csasb: n = — — 2il_ j 

M/-r) _ 


^’^^xblBaH paBeucxBa (9), (13). (14), a xaK>Ke. axo 


qO;) 


>-r ^ 1 ' 


iioavaaeM 


^ [ /■a_M> 2- ^si) di, 


I <) - /-,)- 


(15) 


O.tecb liOCXOHHHBH 


(fir)ol 


ng(>-ri)(i --) 


Ox.xnaiie (})opMbi aacxim ox Ky6naecKOH MOH<ex obixb yaxeho c 
nOMOUlblO nOCXOBHHOrO MHOHvIlXe.XH B K03<|)^HUHeHXe .45. 

!('4 


( 


! 


TaKHM oopasoM, saaaaa 06 onpe;ie.iennii ABiiiKeHiiH Kan 
XBepAofi, xaK n rasooSpaanoii cjiasbi no.iHOCXbio peuiaexcji c no- 
Moiu,bKi vpaBHemifi (4), (6), (12)ii(15). Ohii BbiHB.iatox ciicxe.MX 
onpejie.xfliouuix napawexpOB saBuciiMOCXH i:v(-V); 1) Haaa.ibHbie 

CKopocxn rasa n xeepAbix aacxnu; 2) KOSclicJinmieHx pac.\o.a,a //: 

3) cooxHomeHiie naox'HOCxeft — ; 4) KostlitlamiieHX coiipoxuB- 

(Prlol 

.leHHB aacTim. 

Ms (15) caeiivex, axo npu a,aHHbix onpej,e.xHiomnx napa.Mex- 
pax ;i.inHa xpyobi, iieo6xo,XHMaB atih pasroHa xsepabtx aacxmi 
ox CKOpocxii f-ri a.o HeKOXopofi CKopocxii >.T, nponopmiOHaabiia 
xapaKxepHOMV pasxiepy (KpynHocxii) ycKopaeMbix aacxiiii.. 

I43.io>KeHHbie pesyobxaxbi cjDopMaabHo npiuiO/Kii.Mbi n k nc- 
c.iea.oBaHHio xpaHcnopxa xeepaux aacxim cBepxsByKOBbiM noxo- 
KOM. OaHaKO, no HaiueMy MHeHino. /laa pemeHim Bonpoca o bos- 
MOHvHocxH Hx npiiMeHeHiiH B sxoM coyaae HeooxoaiiMo sKcnepn- 
MeHxaribHo BbincHuxb xaKiie ;rexaon cJinsiiaecKoro xapaxxepa npo- 
uecca, kaK bicx vaapHUx booh, ycaoBiin saniipaHiia xpy6bi n a.p. 
Tax KaK (KaK noKasaHo Bbime) 34)4)eKxnBHaa imomaab xBepa.ofi 

4) a3bi oSpaxHO nponopmioHaobHa CKopocxii xBep;xbix aacxim. xo 
naouiaab, ocxaiomaacB Ha a,o,xio rasa, nsMCHHexcH ox ceaeniiH 
K ceaeHino xpy6bi. Ha raa b sxiix yc.ioBimx khk 6 bi oa.HOBpeMeH- 
iio oKasbiBaiox BosAeftcxBim: Mex'aHiiaecKoe 11 reoxiexpiiaecKoe 
ciiemia.xbHoro BH,ia. 

PaccMOxpiiM saBiiciiMOCxb 3HaKa npiipameHim CKopocxii rasa 
ox 3 HaKa iipiipameHiiH CKopocxn xBepa.bix aacxHii,. Ochoboh j.xh 
saK.TioaeHTiH noc.iy>KHX ypaBHCHiie (6). 113 Koxoporo 

.(■/,,)- 2 (>,, i)=_ 

'1 -■.4» (4 >.fy) -.4| 

“ 1 '' 1 >;.) 
nVCTb /-rl< 1 nOXOK J.03ByKOBOa 11 

/-n: /.Ti. (1^> 


HepaaeHcxBo (17) osnaaaex, axo xBep;ibie aacximw ycKopmoxcH. 
HonycxHM. axo, ycKopan xBcpabie aacxnubi. ra3 Hcnbixbisaex 


saMe.x.ieHiie 


(18) 


Tora.a 

n>-r> 


H3 xapaKxepa saBiicii.Mocxii mohcho saK.iioaiixb, 

7(Ari)> 0, II 113 (16) c.ie.ayex 


axo 

(19) 
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B6nil3H ]t?, 'JcKTbHOro CUCTOHHIiyi, KOT/ia ® IipaBOH MaCTIl 

(i9) no.iyiiaeM Heonpej,e.ieHHocTb. pacKpbiBaji Koxopvio n hc- 
nontsyji (2) n (5). iiMeeM 

•'•ri < ^ti I " j (^Fi + 1). (20) 

ripn .TIOOOH HaManbHOH CKOpoCTII 7833 0 < Aj., 1 MHO}«nTe.nb 
( k — 1 \ 2 . 

V 2k ® HepaBeHCTBe (20) .MeHbme e,xii nimbi, sHamiT. 

>.ri<Aji. noc7iej,Hee npoTiiBopemir (17). C.xe.iOBaTe.ibHo, (18) 
HecnpaseA-THBo h ji,03ByK0B0H hotok ra3a ycKopnexcH, ycKopnn 
XBep;tbie uacxiiubi b UH,XHH;ipiiqecKOH xpy6e. Tcm 'Me npHCMOM 
.A107KHO noKasaxb, mxo, saMeminn aBUH^eniie xBep.a,bix qacxim 
(Korji.a Xti > A,ri), .nosByKOBOH noxoK saMej.xaexcH n Bos^efi- 
cTBHe XBep;iO!i 4>33bi Pa cBep.xBByKOBoii noxoK npoxiiBonojioTKHO. 
Ha 3X0X0 c.ie.nyex xaK>Ke HeB03MOP<Hocxb nepexoaa rasa qepea 
SBVKOByK) CKOpOCXb POa B03,3eHCXBIieM XBepablX MaCXHU B mi- 

.xHHii.pHqecKoft xpy6e. 

TaKHM oopaaoM, na paccxiaxpnBaeMyio 3.aecb aaaaqy pacnpo- 
cxpaHHexcH naBecxHan xeope.Ma JI. A. By.xiica [3] o6 o6pameHim 
BoaaeftcTBHH. 

ripH HCC.Xe3,OBaHHlI BOSMOmHbIX pe>KHMOB VCKOpeHHH XBepXlblX 
qacxHu, AOSBVKOBbiM noxoKOM rasa b miJinHapnaecKOH xpyoe 
vcxaHOB.xeHo cjieayiomee: CKopocxb xaep^bix qacxiiu,, cpaBHHB- 
uiyKJCH no Beanqiine co CKopocxbio raaa, naaoBOM npe/iejibHou 
n napaMexpbi, cooxBexcxByromne axon CKopocxii, oSoanaqiiM hh- 
aeKcoM n. HafiaeM b naocKocrii (/-r, \) Kpiisyio, na Koxopofi 
Bbino.xHHexcH yc.,xoBHe = xy. Hm^h b Biiay (9), no.xyqHM na 
3T0H KpHBOii vc.xoBae f-Tu = HjiH c vaexo.M (4) 


Ath = Arn V - A:, (21) 

ypaBHenue npea,eabHon KpiiBon. Oopitia npeaeabHoft KpuBoii 
nepea KoacJxJmuHeHx A^ aaBucnx ox HanajibHoii CKOpocxn xBep- 
,lbix MacTHu H aepea Koacfi^nmHeHXbi .4.-5 ii A4 — ox napaMexpa n. 
B npaKTHMecKiix aaaaqax BanaHiie /.^i HecymecxsenHo, xaK Kaw 



B.HHHHHe K03c|)4)!mneHxa pacxoaa na CBnab h 

npertcxaBJieno na pnc. 3. 

Ha pnc. 4 OA — npeaeabnan KpiiBaa. KpuBbie H3o6pa- 

TKaiox aaBHCHMOcxb (6) npii paannqHbix Haqa,xbHbix CKopocTHX 
raaa, Bxo.zi,Hmnx b (6 ) nepea A 2 . 
lOG 




CoBMecxHoe pemeHiie ypaBHeHiifi (6) 11 (21) npiiBoa.nx k bu- 
paHieHHK) npeaeJibHoii CKopocxn nepea napaMexpbi b nanaabHOM 
ceneniiH xpySbi n K03(jD(|)HUTieHx pacxoaa: 

A 2 , — V - 4 (n -- 1) Aj ^22) 

■" 2 (n a- 1 ) ■ 

I la (22) bhaho, nro /-th H.Meex aencxBHxeabHbie ananeHUfl npii 


A, 2V (/i ^ 1)A, . 


(23) 



Pnc. 3. SaisiicHMOCTb /-th ox Aj-i, j.ih 
pasHbix KoetJxJjHmieHTOB pac.\o;ia 



Phc. 4. SaBHciiMOCTb /-T or ).r npii 
pasHbix Ha’ia.ibHbix CKopocrax rasa 


HepaBencxBO (23) ne BbinOvXHaexcH ana aocxaxonno ooabumx 
Han.KTbHbix cKopocxefi raaa. a HMenno 

> r;, „ h (XTXTTSr- j _ 

_ 1/ ( _ 1 . (24) 

KpiiBan BC, cooxBexcxByromaH HaqaabHoii cKopocxii Ari> b ox- 
.xHqne ox KpnBbix, 'cooxBexcxByiomnx MCHbuiiiM Hana.xbHbiM cko- 
pocxBM, He nepeceKaexcH. a nimib Kacaexca npeae.ifaHofi Kpn- 
BOH OA. 

ripn Hana.xbHbix CKopocxnx /.,i< Ari CKopocxb raaa He 
mex cxaxb paBHoft BeniimiHe CKopocxn aByxa, a npn a ,.i > /-ri 
xeMn pocxa CKopocxii raaa cxonb BenuK, nxo CKopocxb xBepabix 
qacxHU He ycneBaex aocxnrHyxb npeaenbHoft Be^xHHHHbi, b xo 
B peMH KaK CKopocxb raaa MOTKex npii yocxaroMHOH j„XHHe xpySbi 
ilocxHraxb Beniiminbi cKopocxn aBVKa. 
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TtiKii.vr oopasoM. KpiiBasj BC paarpaHiimiBaeT 
BeHHO paa.iHMHbie rpynnbi peH\iiMOB vcKopeHiin 
cpezibi; HaaoBCM ee rpaHUMHoii. 

npeHeoperaa BeniiqiiHoii . ii?. (24) nonvqae.M 

Hoe paseHCTBo 


jBe cymecT- 
AByxc^asHOH 

npii6.iH>Ken- 


i _ 1 ^ 25 ) 

ComacHO (25), l h ^ri 0, t. e. nepexoj ot nepBoft rpyn- 
nbi pe>KliMOB (/-^i ) KO BTOpOii (>.,i > /.j,, ) HacTYoaeT Te.VI 

Sonbuie sarpysKa rasoBoro noTOKa TBep^aoii 

OueHKa iiHxerpa.aa (15) nepBofi rpynnbi pe>KHMOB noKa- 
3biBaeT, nro npenenbHan CKopocTb ;;ocTiiraeTcn TBepAbiMii na- 
CTimaMH n raaoM numb acnMnTOTimecKii b Tpv6e SecKonenHoi' 
nniiHbi. CKopocTb TBepnon cjjasbi na cpeae rpySbi' KOKennon ii.iiiHbl 
oripenenneTcji Kan Bep.xHHn npe.ien iinrerpana (15) no sa^aHHoii 


BeniimiHe , HaMa.ibHbiM cKopocra.M n napanerpy n. 

KpiiBbie B^C.. xapaKTepiiayfomne BTopyio rpvnnv pe>KHMOB 
.-lOKax HH/K-e npeae.xbHOH KpiiBoft OA h, c.xeaoBaxen'bHo Morvx 
ocymecxB.xnxbCH b xpySax KoneqHon nriiiHbi. 

rioiicxaBHB B (6) SHaneHiic = 2, cooxacxcxBX Kiinee ). — 
= 1 H HaftiieM Ck-opocxb, KoxopyKO xbepnbie qacTHn.bi 

no.iyqax k MOMenxy ^lOcxiiH^eHiiH rasoM SBYKoBOfi CKopocxii: 


_ A,A.,~ 2\ (Aj 4 Aa a, - - .4:;.4r; 
-- 4A:, 


(26) 


HasoBCM ee MaKcn.Ma,xbHon CKopocxbio Bxoporo pe>KnMa. a sna- 
Menne iiHxerpa.xa (15) npn — MaKciiMa.ibHon n,xii- 

HOH Tpy6b!. 

Jinn Bxopoii rpynnbi pe>KHMOB Heo6xo;ui.MO pasniniaxb: 

a) nencxBHxe.xbHan n,nnHa xpyobi .Menbuie .MaKcnMa.TbHon. 
13 3XOM c.xynae CKopocxb rasa Ha cpese xpv6bi aosBVKOBaH Cko- 
pocxb me xBepjbix nacxim Ha_ cpeae xpy(>bi onpeie.xnexcH Kan 
BepxHini npejie.x HHxerpa,,xa (15) no sanannon Be.innnHe ero; 

o) n,encxBnxeuXbHaH j,.xHHa xp}'6bi paBHa MaKciiMa.xbHon. (2ko- 
pocxb rasa Ha cpese xp^’Obi sBYKOBaa. a CKopocxb xBepxbix na- 
cxim onpe;ienRexcH ns (26); 

b) nencxBHxenbHaH p,inHa xpyobi iipeBbimaer MaKciiMa.xbHYio. 
i'cxaHOBHBujnncH nponecc ycKopeHiin xBepabix nacxim npn n,aH- 
Hofi HaMa.ibHofi CKopocxH rasa HeBosMOTKen. TeneHiie b xpYoe 
nonjKHo nepecxpoiixbCH xaw, Mxoobi ana HOBbix napa.MexpoB rasa 
B HananbHOM ceMeHiin .xencxBiixeabHaH .x.xiiHa xpYSbi cxana mhk- 
108 



cn.ManbHoii. Heooxonii.MaH b 3 xom cxiyqae HaMaribHaa CKOpocxb 
rasa .MOH\ex obixb HaiineHa nyxeM coBMecxHoro peuieHiin ypasne- 
Hiin (16) n (26) oxHocnxeabHo .49. 

0603HaHeHH51 

Fi— n.ioma.Xb nonepeHHOro ceneHiiH xpySbi; a, p, p, ni — 
CKopocxb, .xaBaeHiie, nnoxHOcxb n MaccoBbiii ceKyH.ii,Hbin pacxoji; 
t — BpeMH; k — noK-asaxenb nsosHxponbi rasa; a^p — KpiiTiinecKaH 
CKopocxb sBVKa B rase; — MecxHaa xe.Mnepaxypa xopMOHcenMH 
rasa; K 03 c])c|)iiUHeHX conpoxiiB.ieHHH qacxHUbi; n.xoma^b 
MH/ienfl qacxHU,bi; Ti — 'HanaJibHaa xe.Mnepaxypa rasa; =TqT]. 

1 1 H .a e K c bi; r — ras, x — xsepaan (|)asa. 

n H T E P .A T y P .4 

1. B, .M. K II c e .T e B. PacweT oxHOMepHBix rriBOBhix Teyeimi'i. X, 

Bbin. 1, 1947. 

2 . r. H. .-\ 6 p ii M o B li u. npiiK.aa.inaH ra.ioBasi .iiiHaMUKa. rocTexii.i- 
.lax, 1953.' 

3. n. .4. B y .1 li c. a.4H CCCP, 54, .Ve 8. 1946. 
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C. H. UI A BAH OB 

BJ 1 H 3 HHE COy/lAPEHHK 
HA CKOPOCTb yCTAHOBHBliJErOCH ABH>KEHHJI 
nOJlH<^PAKUHOHHbIX MACTHU 
B BEPTHKAJlbHOM HOTOKE 

^ sepniicTbix MaxepiianoB b BepruKaabHOM noroKe 

oobiMHo paccmiTbiBaeTca kbk npocTaa coBOKvnHocTb ;iBiiH<eHiia 
oTAe.xbHo Bsaxbix qacxim, cKopocxb Ka>Kjioii ns Koxopbix onpeae- 
.xaexca xonbKo jeiicxBneM cu.i xa>Kecxn, iiHepuHn h conpoxiiBae- 
iiH cpejibi [1 3], RxiiaHHBM BsaiiMHbix coyjiapeHHH Ha CKopocxb 

MaCXHH KaK B MOHO(|ipaKmiOHHblX, xaK n B nO.UHtJjpaKUHOHHblX CH- 
cxeMax Bcer:ta npeneSperaexcH h b .xymiieM cxyaae vMiixbiBaeTCa 
.iHujb xop.MOBamee BosjeficxBiie y^apoB o cxchkh. ' 

MOHo^paKUiifi npeHe6pe>KeHiie cov:ia- 
peHHHMH MOHxHO OnpaBJ,aXb HeKOXOPblMlI TeopeXHiieCKHMlI coo6- 
pajKeHiiaMii ii BKxnepiiMenxaMn [1, 2], xo miipoKiix noaii- 

(ppaK-miH. KaK CBH.xexenbcxByiox anxopbi [4—6]. axo HB.xaexcH 
xBep^oi'i bucokom KOHueHxpamiii 

4xo6bi yMecxb B.TiiaHHe cxo.iKHoBeHiiii qacxim, neKOxopbie 
aBxopbi npewaraiox BBo;inxb onbixHbie nonpaBOHHbie K03(i)*ii- 
mienxbi [4], HsBecxHbi pafioxbi ii no npaivioMy onpejie.xeHHio bo 3- 
.T,eHcxBHa saiibbxeHHoro noxona na e;inHimHvio qacximy [7] On- 
HaKo noHTu Bce asTopbi, Hanpiisiep [4, S],’ noaiepKiiaaioT, mto 
B-iiiaHiie coxaapeHiiii npaKTimecKii euie He navneHo Be.ieacTune 
xpynHocxii HCc.xenoBaHiifi sxoro BB.xeHiin. 

B Hacxonmee npeMa waM He iisBecxHbi paooxbi, b koxopbix pe- 
meHiie xjaBHeHiiH ABUHveHiiH no.xu^paKUHOHHbix qacxim npoBo- 
Aiinocb 6bi c ynexo.M nepepacnpeneneHna CKopocxeft npii coyna- 
peHiiHx, a xaioKe b.xiibhiih KOHueHxpamm ii sepnoBOH xapanxe- 
pncxHKii no.iM^paKmm. Hacxonman pa6oxa HB.xnexcH nonbixKofi 
xeopexiniecKoro peujeHiiH xaKon sanann c noMoiubio snexxpoHHo- 
BbiMiiLniire.ibHOH MainiiHbi nnsi ycxaHOBiiBuierocH nBUHteHHH rio- 
.HKppaKmioHHbix c{|3epnHecKijx qacxim c npoiiSBonbHofi sepnoBofi 
xapaKxepncxHKon no (JjpaKuiiHM y = f{d). 

B na.xbHeniueM npeHeSperaexcH TopMosamii.M BoaneftcxBHeM 
\napoB o cxeHKii ii BpameHneM nacxim, a iix covnapeHiia cHHxa- 
loxca aoco.xioxHo ynpyrnMii. AaponiiHaMimecKoe conpoxiiBJieHiie 
paccmixbiBaexca no ogbiMHbiM (]DopMynaM nna HenonBii>KHoro 
no 


Luapa, X. e. He yMiixbiBaexca iisMeHeHiie aaponnHaMiiKii noxoKa 
B ycnoBHHX nanaiomero c.xon. 

npii^TaKiix nonymeHiinx CKopocxb ycxaHOBiiBiuerocH nBiiHve- 
HiiH nio6oH nacximKH oxHocnxenbHo cpenbi oes coynapeniin onpe- 
ne^iHexcH na ocHOBe ofibinHoro vpaBHeHiia BiixaniiH 


Yc) CrroMr^V, 
6 . 8o- 


- 0. 


( 1 ) 


CoynapeHHH Macxnu b mnpoKon no.in([)paKmin noa>KHbi npii- 
BOnilTb K BOBpaCXaHHK) OXHOCIIxe.X bHOfl CKOpOCXII Ca.MblX MejlKHX 
II K CHii/KeHHio CKopocxn HanSo.xee Kpynnbix nacxHLi. no cpaBiie- 
Hiiio c IIX CKopocxbK) BiixaHiin. onpenenHeMOH 113 (1). 

CnenoBaxenbHo, ypaBHenne neiicxByiomnx cn.x xt 5I onHoft 113 
Me.xKHx qacxim motkho npencxaBuxb b n'line 


■'^1 (Yt 


-Y.) C^eflVlY. 


6 8o- 

a onHoil 113 Hanoo.iee KpynHbix 

6 8g- 


-p, = 0. 


(3). 


3necb non W, ii Wo rionpa3y.MeBaioxc5i He xirHOBeHHbie, a 
vcpenHeHHbie bo BpeMeHii BepxiiKa.XbHbie CKopocxii nacxim ^ Co- 
oxBexcxBOHHo Hon Pi Ii P-2 noHiiMaioxcH a6conioxHbie sHaqeHHH 
HeKoxopbix vcpenneHHbix bo speMeHii ciin. KaK 6bi nocxopHHo 
ncHCXByioLu,nx Ha qacxiiqKy n aaMennioiHiix anreopaiiqecKvio 
cx MMv cnn ynapoB Bcex ocxanbHbix qacxim o paccxiaxpimaeMyio 
B cooxBexcxBiiii c xeopeMon o cpenHen b npoMe>KvxKe Menmy 
•'ii H 60 non Hv Ha cymecxBOBaxb qacxima xanoro nna.Mexpa 63, npii 
Koxopo.M cnna P = 0, a, cnenoBaxenbHO, oxHocnxenbHaa cKopocxb 
VI' 3, 3XOII qacximbi, iiMeHyeMon b nansHenmeM SKBiiBaneHXHOH, 
6yneT paBHa CKopocxn ee BiixaHim no ypaBHeniiK) (1). BMecxe 
c xeM CKopocxb Wg ycxaHaBniiBaexcH b peaynbxaxe vnapoB qa- 
cTim, nio6oro paaxiepa b sKBiiBaneHXHyio qacxiiqKy, xOvXBko b nan- 
HOM CvXyqae ciinbi ynapoB nx BaaiiMHo vpaBHOBeuiiiBaioxcH. Hna- 
qe roBopH, iimchho W HBnHexcH CKOpocxbio uenxpa THJKecxn 
Bcex coynapniomiixcH qacxim. a nponsBencHiie Ha oomyio 

xiaccy qacxim. saKnioqeHHbix b ennHime oobexia. no xeopHH 
xnapa nonn^no paBHHXbcn nx cyxiMapnoMy KonimecxBv nsii/Ke- 
HiiH B BepxiiKanbHOM HanpaB.xeHim. 


^ npeano.iaraexcsj. hto Ko-ieoaunn CKopocTii Macxnu okojio cpeanero ana- 
teniiH lie usMeuHiOT cii.ibi aapo.oiH.aMiiqecKoro conpoTiiB.xeHiiH. 

Ill 
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nosTOMV npeacTaB/iRercfi aonycrirMbni BosaeiicTBiie Bcero 
MHoroo6pa3Hfl nonn(|)paKUHOHHbix Macriiu na KaKvio-.moo pac- 
cMaxpuBaeMyio saMennTb B03a,eiicTBiieM na nee to/ibko 3 KB!iBa- 
/leHTHbix qacTiiu, cooTBercTByiomeft Maccbi, no,i,o6Ho tomv Kaw cn- 
creMy cun mo>kho saitieHiiTb iix paBHoneHCTByiomen. TaKiiivi npii- 
CMOM cnoTKHaH 3a7faiia o coyaapeHnax b rioniKjipaKLuni cbo3,iitch 
K paccMOTpeHHK) 7i,Bn:H<eHHH KajK^lofi n,aHHon MacTiiBKii b cpeae 
MOHO^paKuiioHHbix MacTiiu nBn>by- 

mUXCH C nOCTOBHHOH CKOpOCTbK) 

Hb ycnoBiiH ccxpaHeniiH Maccbi Biin- 
Ho. MTO BecoBoii pacxon 3KBiiBaneHTHbix 
MacTiiu Mcpea eanHimy ceqeHiia noxoKa 
Bcerna paBen pacxo.iy noniict^paKunii: 

Q^^Q. (4) 

Bee xBepjou (jiaabi b ntoSoM sneMeH- 
xe oSbeMa xaioKe .xon>KeH obixb oiiHHa- 
KOB KaK ,inH noniKlipaKUiiii. xaKii nnasa- 
MeHaiomen ee sKBiiBaneHXHon MOHOcjjpaK- 
miH. Mxo Mo>t\Ho Bbipaaiixb ypaBHCHiieM 



Pile. 1. CxcMa coyAapeniifl 
c(|)epn’recKiix 'lacriin 





+ 


03 B o6xDeMe ropHsoHxanbHbie cocxaBnBKomiie cun Bcex yaapoe 
BsaiiMHO ypaBHOBeuiHBaKDTCH n He OKaabiBaKor bjihhhhh na Bep- 
xiiKanbHyio cKopocxb qacximbi 62, a cooxBexcxByiomaB qacxb sHep- 
riiii pacceiiBaexcH na xpeHHe c OKpyTKaiomefi cpe.noH. 

riosTOMy MOHCHO orpaHHMHXbCH pa ccMoxpeHHeM nmub Bepxii- 
Ka.ibHbix iipoeKuiiH CKopocxeH H ciLx, p,encxByK)iuiix na lacxHiiKy 
62. K cxonKHOBeHHK) c Heft Ka>K;ibifi pas npHxojlHT Bce HOBbie 
SKBHBaneHXHbie hbcxhbkh, HMeioiuHe CKopocxb W^. Caua see qa- 
cxima bo b npoMe>KyxKe Me>Ki.y yviapaMii no^ neftcTBueM cHJibi, 
npoxHBojieftcxByiomen Po. iiBHJKexcH paBHoycKopeHHo 11 iiMeer 
BepxHKanbHbie cKopocxu nepea, ynapoM W^2] > ^^^2- a nocjie 
y;iapa ^^^22 < ^^2- npimexi 


Pasnarafl BeKxopbi H ^.21 h Ha ueHxpanbHbie cocraBJiHK)- 
miie V"l^ = IP'oi cos f H L'ly = IFg cos qj h Ha HeHSMeHsiiomHecH 
KacaxejibHbie CKopocTii Vk h nonyqHM oSbiqHHe ypaBneHnsi 
coxpaneHHH KoniiqecTBa ABirxveHHH n 3HeprnH npn kocom yj,ape: 

m.Vj^ 4 = f/hVon + (8) 

+ ffhUli = /n.yia -4 /nyti ■ (9) 





['^4 4- U ’,] 


(5) 


KBaapaxHbi.MH CKo6KaMii oSosHaweHbi aSconioxHbie SHaqeHUH 
aSco.xiOTHbix CKopoexeii cooxBexcxByiouiHx 'lacxnn. 

H3 (4) II (5) cneayex xaioKe, hxo cpe/uinn KOHueHxpamia 
TBepnoii (^asbi b oS'be.Me noxoKa paBHa 


Hxoobi onpep,enHXb cii.xbi P, 11 P2. pacc.MorpiiM cxo.xKHOBeHiiH 
KaKoft-.XHoo (CiHoi'i MacxiiHKii, Hanpii.Mep P2, c SKBiiBa.xeHxHbiMii. 
Pea.xbHyK) Kapximy cxonKHOBeniia (.xeBan qacxb pnc. 1) saMe- 
HHM cxeMoft Ha npaBOii Macxii piic. K cqiixasi, mxo Macca 7722 pac- 
npeaenena b lacxiiMKe c anaMexpoM (bo 4 (^4, a Maccbi sKBiiBa- 
nenxHbix 'lacxim cocpenoxoMenbi b nx reoMexpipiecKiix ueH- 
xpax. 

Opii no.xHoft c4)epiiMecKoft cu.MMexpiniHocxu coyaapaiomiixcB 
xen H npe.iiionaraeMox! paoHOMepHo.M pacnpe.xe.xeHini Mncximex 
112 


H3 pemeHHH sxoft ciicxe-Mbi cne.xyex, mxo PisMeHeHiie KOJiime- 
cxBa a,Bn>KeHHH b HanpaBJieHiin Me}«ny ueHTpaMii MacximeK npii 
oiiMHOMHOM yaape pasHO 

mo (Vu — cos<p (IP'.n— W^. (10) 

nu 4 


4iicno VTiapoB, npiixojiHLpHxcH sa BpeMji At na uiapoBofl 
noHC, oniicbiBaeMbift ayrofl rfcp npii BpameniiH ee BOKpyr ocii Z, 
coexaBnaex c yMexoM (6) 


dN 


Q (W.^-W,)A-^T.(oo-\-oy 

,^/223[U4-r vr,l 2 


sin costprftp, (11) 


a nonHoe mhc.xo yn,apoB b MacxiiMKy 62 aa xo Hve BpeMH At paBHO 


4g/«3[\43 4 W/J 


.(U7,-\r3)A~fo,+ 03)^ 


( 12 ) 


CyMMHpya npoeKuim HSMeneHiiH KonimecxBa jiBH>HeHiiH (10) 
Ha BepxiiKanbHyio ocb ox Bcex dA^ 11 pas.ieniiB sxy cyMMy na 
oomee mhcso ynapoB N, HaftaeM. mxo ana Henoxoporo yepeaneH- 

is. X''n.io- li MuccoooMeH 113 
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KOnUMCCTBa .IBIlH-CeHliR B BepiMKa.lbHOM 


HnnpaB.ieHiiii paBHO 


(U-,1— Wa-z) = - 


X COS’’ cpsin cf J cp = — ^ (U -ji — W g). ( 1^) 

!n. 2 -{- 

Hcnonbayn (7), motkho Bbipasuxb (13) Mepes cpe.iHioio cko- 
pocTb 117.,: 

, r, _ ivv). ( 14) 

2 m . 2 -f 

yMHO/KiiB (14) Ha nonnoe mhc.io yuapoB (12) ii npwpaBHHB 
BonvqeHHoe iisMeneHne KoniiMCCTBa ,iBn>KeHHH k iiMny.nbcy CH.ifai 
P 2 , iionvMiiM noc.ieaHen c.ieayromee BbTpa>KeHne; 

P , = ( U”, — (r.2 - o, )-. ( 1 5) 

2rr[ll"3-J l\”J 2m.,4-/7Z3 

Te\i >He MexojOM motkho Hafixii ana.ioniqHoe Bbipa>HeHiie jijih 

CH.lbl Pi. 

TaKHM o6pa30M, paccMaxpuBae.MaB sa.xaMa cbo.iiixch k oxbi- 
CKaHHHD xaKoro 3HaMeHiiH 63, npii KOXopoM yAOB.iexBopnexcH pa- 
BeHcxBO (5), npimcM onpejieasiexcH no 63 113 (1). a xeKymue 
3HaMeHiiH 117i II W -2 HB.xHioxcH KopHHMTi ypaBHeHiiii: 


Yc) _ c 11^1 Yc 

6 Sg 


2g[VF3-i- 117,1 


X (11- 3-- (^^1-T- "-3)-=" 0’ 

2/ni 4-/^3 


Cro:>ll>'5T. 

8g 


2^11^3 4- W'd 


- iv;)- (^.,4- 03)- - 0. 


PemeHiie aa^iami npoBOAnaocb Ha sneKxpoHHOii BbiMiicnnxejib- 
HOH MamiiHe Mexo;ioM npo6 c noMombio nocae;iOBaxeabHoro Ae- 
aeHHH nonoAaM imxepBa.xoB bosmotkhhx 3HaqeHUH CKOpocxefi h 
03. JlonvcxiiMaH iiorpeiiiHOCxb npii pemenHii ypaBHeHiiii (16) h 
(17) npiiHflxa paBHofi 1 • 10-' mi-:, a npii peiiieHiiii ypaBHe- 
HiiH (5) — 0,2% . 


SHaneHHH KOStJutiimHeHTa conpoTHB.xeHUH Re < 0,044 

BbIHHC71fl,.XHCb no OOblHHOMy BbipaH<eHHIO C = ^ B lIHXep- 

Ba.xe Re ox 0,044 ao 20000 — no c})opMy,xe 

C =: exp [6,217 — 7,133 sin (0,4214 4 - 0,138/ In Re)]. (18) 

npH noMomii KOTOPOH HSM VAaAOCb annpoKCHMHpoBaxb nSBecT- 
nyio onbiTHyio saBHCHMOCXb [8] c TonnocTbio ao 4— 5 o^, otC [ 9]. 
BbimicneHiiH npoBeAe- -u^eA 

Hbl npiIMeHHTCAbHO K ABH- ^ J ]w 

>KeH]iio TonnnBHbix nacTHu 5 

B ABiMOBbix raaax npn i= 

= 1200°C, B COOTBeXCXBHlI 

c neM npiiHHXbi cjieAyiomne ^ ^ 

SHaneHHH KOHCxaHx: 7 t= S 

= 1200 kzIm^, Yc =0,232 f 

A-a/M v = 218- 10--«,ii2/ceA-. ^ "j TI 

Hxo 6 bi ynpocxiixb ana- ^ ^ z 

AH3 peayjibxaxoB, paccMa- 5 f t 

xpiiBanocb ABiiH^eHiie nnuib ^ 

«paBHOMepHbix» noAii- ^ 

(]jpaKmiii, HMeiomnx aep- g 
HOByio xapaKxepiicxHKy no f 

^0 soo^mm^ 200 wo m s.mh 

Peayjlbxaxbl pacnexOB Pnc. 2. ACcojnoTHMe cKopocrn ABiBKeHUH 
XXH ABVX nOJllldipaKUHn ‘lacTim b BepTiiKa.nbHOJi noxoKe c vMexoM 
?a3H0H linpHHbl npeACXaB- coy.apeHHii ..h /xbvx no.xB^aKuau: 
neHbl Ha pnc. 2. ^aCTb /-VV-ir,. /-J-Q-IO-Mcm. Ta6.-,Huy, 

AaHHbix cBeAena b xaO- 

.limv. OxHOCHXeAfaHO CKOpOCXII BHXaHHJI (pnc. 2, KpHBbie ij CKO- 
pocxb KpynHbix Hacxiin b pesyjibxaxe coyAapeHun coKpamaexcR 
Oo.xbine, neM Boapacxaex CKopocxb mbakhx, xan Kan KonneHxpa- 
miH nocneAHHX n conpoxHBJieHiie nx ABUJKeHino BcexAa Bbiuie, 
MCM 3' wpvnHbix Macxnn. 

OcoSeHHo BbicoKa KOHAeHxpapnH xsepAon (pasbi q n npencAe 
Bcero caMbix xiejiKiix nacxim npn 117, = 0. llosxoMy BjniHHne co- 
\-AapeHiiH 3 Aecb HanSonbuiee, a 63 n iiMeiox MHHHMaAbHbie 

3 HaneHiiH. 

yBennieHiie BocxoAHinen nnn HHCxoAHUien CKOpocxn cpeAbi 
npiiBOAHT K peaKOMv cHH>KeHHK) q n yMenbineHnio bjihhhhh co- 
\’AapeHiiH Ha cKopocxb naoxim, a xaKJKe k 3HaHnxeJibHOM\ Bospa- 
cxaHino 63 n W^. 
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CTBiie HacTHu npii CToaKHOBeHiinx. a noroMv 
mefi paSoTW cjieAyeT paccMarpiiBaTb kok 
CO\7I,apeHIIH. 


pesy.ibTaTbi 

npe;ie.ibHbiii 


Hacrofl- 

aiyriaii 


UOOSHaHeHHSl 


r cooTBCTCTBeKHO TBepAOfl (Jiasbi n cpe^bi: 

C - K034)(|3nuHeHT aapo^niHaMHqecKoro conpoTHB.ieHHH mapa- 
R ^acTim; Oo h o^^p— npeACJibHue pasAiepbi HacTnii 

B no^H(|)paKUHH; BepTHKajibHan CKopocTb cpe;ibi:T— speMH • 

•V-HHCJIO >vTapOB B qaCTH^KV; v — BHSKOCTb Cpejlbl ' 


•ii-rr EPAxypA 

H. r. X\ AHKOB. ilAH CCCP, LXXVIII. JVs 4 , 


1. 3. CD. qvxa HOB 
1 951. 

2. H. r. Xvahkob. M3b. .ah CCCP. OTH, As 7. 1953. 

3. C. A. Kara HOB II. I. Hsb. BTH, As 11, 1951 

H3AaT,’ 1956. " Mac^coooMeH b nponeccax cymKii. roc3Hepro- 

n3;ia?i 't957'. ^ ^ ^ BwcoKOTeMnepaTypiibie xeiwoHociiTejiii. rocaiiepro- 

cocToL™;Merl”ypr"™'T,‘S9^^^^^^ -'.•aTep.,a.,OB „o «3,KUi«„„oM 

NApLh “laU*'®'’''' Paper. A„,c,. Soc. .Mecli. Eng., 

aKepL?i,a?-,^96l"’"- ”■ " 


10- li MaccoooMena. Toc- 



J. M. rAJEPLUTEriH, 11. .4. JEnElUlIHCKIin 

O BbIBOPE HAPAMETPOB CTPyHHOEO OCAAWTEJIJI 

BOAblUHHCTBO yCTaHOBOK, B KOTOpbl.X HCIIOabSA'eTCH AByx4)a3- 
HbiH noTOK THna ras — xBepAbie Mactnubi, o6opy.aoBaHo pasjiim- 
Horo poAa ocaAnxejiB.Mii. r[,ji5i pn^a CAyqaeB nepcneKXHBHbi.M bb- 
jiBexcH cxpyfiHbiH ocaAiixe.xb KaK no CBoeMy k. n. a., xan ii no 
npocroxe KOHCxpvKmin ii cpaBHiixenbHo nnsKOAiy xHApaBAHne- 
CKOMy conpoxHBJieniiHD [1], 

CxeMa ocaAnxeAH noKasana na pnc. 1. TnepAtie qacxHUbi, 
ABHHcymiiecB B raaoBOM noxoKe, pasroHHEoxcH b xpydonpoBOAe .4 
AO onpeAe.xeHHOH CKopocxn. Ha bbcxoac ns xpySbi rasoBSBecb 
pasAeABexcn; XBepAwe nacTimbi no HHepumi nponexaiox b Ka- 
Mepy B qepes okho, AiiaAiexp Koxoporo HecKOAbKo SoAbine 

AnaMexpa xpySbi d. Hncxbift ras BbixeKaex qepes sasop H ii sa- 
xeM yAa.xnexcB qepes oxBepcxne F. HeKoxopan qacxb qacxim 
ocax^AaexcH b SynKepe B. Hs oSoii.x SyHKepoe qacximbi bbibo- 
Ahxch qepes uiAKOsoBbie saxBopbi. 

ripH anaAiise pa6oqero npouecca 6yAeM no.iaraxb, qxo ras 
HecB<HMaeM n CKopocxb rasa no cenennEO xpy6bi na Bbi.xoAe no- 
cxoBHHan, X. e. dwQldy = 0\ ec.xii qacxnua Aannoro AnaMexpa 
dq. ABHSvymaHCH b6ah3h cxenKPi, X. e. caMan «KpaHHHH» b noxo- 
Ke, nonaAaex b Ka'.iepy 5. xo Bce ocxa.ibHbie qacxiru.bi, 6oAbmero 
AnaMexpa n.xn AeHxauine' 6.xn>Ke k och xpydbi, xaKJKe 6yAyx 
oca>KAaxbCH. 

OqeBUAHo, Mac 6yAex nnxepecoBaxb MiiHiiMaAbHbin pasMep 
qacxHU. Koxopbie eme oa'avx yaaBAHBaxbCH. EIoaxoMy AocxaxoqHo 
paccMoxpexb qacxnubi, Ae>Kamne b cxokcoboh ofiAacTU, aah ko- 
Topbix C;— oRe“^ Opn sxom b kohuc pasronnoro yqacxKa xp5’6bi 
(na cpese), onesHAHO, BbinoAHnexcn ycAOBiie co„o=6i^'o, b<\. 
.IIah MeAKHX qacxHU, mojkho nonaraxb b^\. 

3xh AonymeHHH nosBonniox Bbi6paxb a.xh xeopeximecKoro iiccne- 
AOBannH CAeAyromyio MOAeAb. ByACM paccMaxpHsaxb qacxnuy, 
ABH>KyiuyiocH BAOAb cxeHKH xpy6bi. B sasope H na qacxnny. ne- 
xninyio B HanpaBAennii ocn x (pnc. 1). AencxByex cHocnimift no- 
xoK, BeKxop CKopocTii Koxopoxo HanpaBAeH BAOAb ocn y, npnqeM 
dw 

=0, a Be.xHqifHa CKopocxii Moncex 6bixb onpejaeAena ns ypas- 
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CKopocre'ffB^ceMT^^ no.in 

TopoB CKopocrefi mokct onnqarbcH nr nn BeK- 

••nie npu pemeHnn 3a:taM„ 

^ paBHenife :iBi!>KeHiia qacTimbi pm, n,-, 

^^eCT„, UeHTpo6e>KHb,M., „ KOp,,Oai,COBHM"rnpC!>?eT'’B‘;u 

m ^ (aj — ay }-r. ^ 

d- ' 2 -■ 0) 


C y^eroM roro. 


?aa? J 

r 

r 


\ . 

X 

_ -5-1 






;? /^JoSASea 


rsepdaxi (Uain 

1 CTpyiii- 

iwii ocajiiTe.ib 


1 

)rA, v-\ 1,3 (]) no^-jy. 

- = (a:- — ^2) 


npoeKUBH.x Ha Koop^^HHaTHbie 
^ o yP^BHCHHe (2) sanumercH b 

I ^ — ~fc a^ TSepdan cba.m 

Piic. ] (.TpyiiHhiii ocajiiTe.ib dzi\,y 

~dT ^ ~ ' ^3) 

Tab KaK ci'.v = 0, :c'„ ^ cc 

HHTerpiipoBaHne ypaBHeHini i, tAi 
H.Mii r = 0, .V = 0 // = 0 z^' — ^ ^ naqa^bHbiMn vc.iobm- 

."=f 

BBejeHire SeapasMepHMx napaMexpoB 

A = • 

ay^o ' (' ) 

r A>// 


SSj°'May yP-''BHeH„B (5) „ (6) K oespaBMep- 

Ecjih b (7) H (8) no.'iOyKHTb x = H, u = t/ — 0 ^ /w 

nOcTHiiTejibHoe cooTHomeHiie ;inH ' ' 

pacqera xapaKTepHCTiiK ii Bbi- r',^'T*'\ 1 , 

oopa napaMerpoB ocaanxeaB; ^^1 (1 ir ^\J / | 




I ^ 


— 

ao 



1/ 

so 



JZ. 

<,0 




20 - 





U7 

II 

-^-'4 


Hexpy/iHo BHaerb, hto ec.aii (I A- I j 

3a,xaH itnaxierp .MHHHMa.XbHoii - W - v J 

\aaBanBaeMOH MacTnubi, ee fl "'*--'4 

n.TOTHocTb, pacxoii ra3a ii ero na- J 7^$ -* 

paMerpbi, to no (9) n (10) mo>k- ^ o 

Tean. npii :jo=19 ^.t/ces;^ =- 1.21; 

CaoaycT saAieTHTb, hto ^ 

CTpynHbi li oca.miTeab Syaer ~~r "" ^' = 0, 6; = 60 jt?.,, 

II ^aCTHUbl c ana- npii raoapHTax KaMep 400X400 v 
lerpoM, .MCHbujiiM pacneTHoro, x300 ,ii.w: 

HO C MeKbUIHM ananenHeM KOSCj)- / -k. n. C,y,,Kepa Sno toUHJTM- 

n’o^c^y^n^'^Sifa'an— 

ecjiH nojiaraTb =y'kio-, rj^e //= — 

Kpynnbie HacTnulp*" n^nnHan^^c HeKo?opo?cf ^o-^ee 

CTim TaioKe 6y.TeT vMeiibinpTKra V i-aB.iHBaHiiii raKHx na- 

“S=S."=.~«^ 

KcnepiiMeHTaabHbie iiccaeiioBaHHn no.aTBep/XHan Hame npeii- 
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nono/KeHiie o6 iiaoiipaTenbHOCTii crpyiiHoro ocaairre.iH. Ha pnc. 2 
noKasaHbi peaynbraTbi OAHoro ii3 xiinimHbix onbiioB na xoaoi- 
HOM B03Ay-xe c qacTnuaMii necKa. Bcero Sh.to npoBe;ieHO 34 onw- 
xa B c.iejyiomeM .yiianaaoHe KOHcxpyKTiiBHbix h pe»cnMHbix na- 
paMexpoB; !x^o=12-^ 35 mIcck', ///// = 0.258—0,758: d..,^„ld=-- 

= 1,05-^1,45. 

Ha pnc. 3 npuBexteno conocxaBneHne pacMexHbix ii SKcnepii- 
MeHxa.xbHbix .laHHbix ann oyHKepa B 
(cm. pnc. 1 ) B Bnae aaBiiCHMOCTn 
dqniin Hpn nocxpoeHiiH rpa- 

4)nKa 33 ^xnaMerp HanMenbLuen oca>K- 

.aennon nacjimbi npiiniiMancn nna- 

.Mexp Macxnn, k. n. .i. ocantaennH ko- 
xopbix OKasbiBancH .naKcnMajibHbiM. 
CpaBHCHne noKasbiBaex \ 7 i,OB.xexBopn- 
xenbHoe cor.xacoBaHne xeopnn c onbi- 
xoM B nnanasone H/d = 0,5^0 ,S npn 
npomix paBHbix yc,xoBHHX. y.xyame- 
Pnc. 3. SaBHci.MocTh ynaB.iHBaHnn nacxim npn H ! d < 

<0,5 .Mon<HO oSiaHCHnxb oSpasoBa- 



/(fi. 

d 


= 25 . 


= 1.21; 4- = 0.58; 


HHCM B OyHKepe B o6paxHbix xokob. 
KOTopbie BbiHocax oopaxHo nacxb 
ynoBJieHHbix nacxim. 

HpoBCTieHHbie Hcc.ieii.oBaHHH noxa- 
sa.xH, nxo MaxepiiajioB c > 

>2000 Ka/jii'-’ n npn pasMepe nacxim 
c^^> 30 MK cxpyHHbiii oca;i,nxeJib o6ec- 
iiemiBaex npaKxnnecKii xanofl n-ce k. n. ;i. ynaBJinBannH, xaK n 
nnKnoH npn K034)c})HmieHxe conpoxiiBnennH X = 1,3 npoxiiB 
^ = 3->7 y miK,xoHa [2]. 

06o3HaHeHHsi 

F — n.iomaj,b; w — cKopoCTb; d — ;i,naMexp; x — speMH; o — 
nnoTHocTb; m — Macca; v — baskoctb rasa; Cf — Kos^Jcj^nmieHx 
conpoxiiBJieHHH nacTHUbi; k — K03c|){J)iimieHTbi; L — napaMexp; 
vj — K03c|)45HmieHx no,7ie3Horo .neftCTBiin; 9 — pacxojtnaH KOHueiiT- 
panna xsepABix nacran. b rasoBOM noTone; a,b — KOHcxaHXbi. 

HH.2i,eKCbi: H — OXHOCHXCH K nacTHue; 0 — Hana.xbHoe ce- 
nenne (Ha cpese xpyObi); napa.Mexpbi Oes iiH/ieKca oxHocaxcH 
K rasy. 

,n H T E P .A T y P A 

1. J3.. -M. r a .T e p lu T e II H. npoMuui.ieHHOCTb Be.nopycciiii, JX? 5, 1961. 

2 . .M. n. K a n 11 h y in k n h. BeHTii.iHTopHwe ycraHOBKii. .M., 1962 . 


//. H. <t>IlK.7JiCTOB. r. .4. AKCEJbPyR 

KHHETHKA MACCOOBMEHA TBEP^^blX HACTHU,, 
BSBElUEHHblX B BEPTMKAJlbHOM 
noTOKE >kh;ikocth, 

nPH rOPH30HTAJlbHbIX KOJ1EBAHH5IX KOJlOHHbl 

B [1, 2] ncc.xenoBanaCb KimexiiKa MaccooOMeHa b cncxeMe 
/KHAKOcxb — xBepjoe xejio, Kor^a nocjiejiHee saxpenjinjiGCb na 
cxep/KHc H coBepma.xo rapMOHimecKiie KOJieOaHHH b nenoABiiyK- 
Hoii nnn ABiiJKymencH >KnjKocxn. 

B AaHHOM cooSmeHiin pacc.MaxpuBaexcH KiinexiiKa BsaiiMO- 
peficxBHH XBepaoro xe.xa c >KHAKOCxbio b ycnoBnax, Korn,a; 
1) xBepAbie qacxnubi BSBemeHbi b BepxiiKajibHOM noxoKe ^hjko- 
cxh; 2) ntHAKOcxb coBepmaex Ko.xe6axeJibHbie ABHnceHHH c 3 a- 
AaHHOH axinjinxYAOH n nacxoxon b HanpaB.aeHnn, nepneHAiixy- 
.iJipHO.M HanpaBneHHK) noxoKa. 

KiinexiiKa MaccoooMena xBepAbix nacxHU, BSBemenHbix noxo- 
KOM >KiuKocxn, Obi.xa naJioJKena b [3, 4], rj^e npenJioJKeno cjien,y- 
lomee Kpnxepna.xbnoe ypaBnenne, nosBOJiHiomee onpeAevXnxb ko- 
3(|3(|)!mneHx Maccoox^ann: 

Nu = -4 Pr ]/ Ar - ( 1 ) 

3n,ecb Nu. Pr n Ax cooxBexcxBenno AiKjnJiyanoHHbie Kpnxepnn 
Hycce.xbxa, Hpanax-xn n Kpnxepnn ApxHMejia; A — Koncxanxa, 
aaBiicflinaH ox cjiopMbi nacxnii. 

KnnexiiKa MaccoooMena b anamixeabHon cxenenn onpeAejia- 
excH CKopocxbK) oOxeKannn xBepAoro xena TKHAKOcxbio. C yBejin- 
nenneM 3 xon CKopocxn yBeJiHnuBaexcH CKopocxb MaccooOMena. 

C BosHiiKHOBenne.M KOJieSaxenbnoro p:BiijKeHHH xBepAwe BSBe- 
meHHbie nacximbi 6yjyx noABepraxbcn AnnaMnnecKOMy bosagh- 
cxBiiio >Knn.Kocxn. BosHUKaex CKopocxb oOxeKaniiH, HanpaBjien- 
naa nepneHniiKynapno k noxoKy HvIiakocxh, saBHcnmaH ksk ox 
napaMexpoB KoneSaxe.xbHoro npouecca, xan n ox nnepiinoHHbix 
cBoncxB xBepAoii nacxniibi. 3xo ao,xjkho npiiBecxn k HHxeHCH(|)H- 
Kaunn .MaccooOMena b cpaBHennii c ycjioBHHMn npocxoro Bsse- 
miiBaniiH. 

TeopexnnecKne iipeACxaBJiennH, Koxopbie oyayx ii3Jio»ieHbi b 
nacxonmen cxaxbe. HBjiHioxcn npiio.xnjKenHbiMn. 

HxaK, B oOmeM cnynae ypaBnenne KunexiiKH MaccooOMena 
onncbiBaexcH Kpnxepna.xbnbiM ypaBnenneM 

Nu = A Pr'” Re". (2) 
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B nepBo.M npno.iH/Keinni 3 to vpauHeHiie .mo>kho cMiiraTb cnpa- 
neA^oiiBbiM HeaaBiiciiMo (it tofo, kokiim ciiocooom oopasyerca 
CKopocTb o6TeKaHMH, j].a H /Uiyx npoueccoB MaccooSMena, oTaima- 
lomuxca ,T.pvr ox ,a,pyra cnocoooM oopasoBaHna CKopocxii 06x0- 
KaHIifl, MO>KHO HailHCaXb COOXBeXCXBeUHO 


Nu= A Pr"' Re" , 
Nuo= A Pr'" Re" : 


oxk'yji.a HeuocpeacxHeHHo c.ie/iyex 

Nu / Re \ 


;u _ / Re Y 
~ \^/ 


f3) 


f4) 


riycxb ABa coiiocxaBaae.Mbix npouecca ox.xnqaioxca Jipyr or 
Apyra xeiw, mxo nepBuft 113 hhx HB.isiexcji npoueccoM MaccooSMe- 
Ha, Korji.a nMeiox mccxo K 07 ie 6 aHnyi BSBeuieHHbix qacxim b ;«ha- 
Kocxii, a Bxopofi — Kor;ia oxcyxcxByiox KO.Te^aHna ii Macximbi 

.XHLUb BSeeiUeHbl B >KI 13 ,KOCXli. 

B nepBOM c.xyaae cKOpocxb oSxeKaHiiH onpejie.nHexcH kbk reo- 
MexpuqecKaB cvMMa AByx BeKxopoB. BsaiiMHo iiepnenjiHKy.xHp- 
Hbix Apyr iipyry. rae Wg — CKopocxb BBBeiuHBaHiiH b ycjioBiiBX 
KOJieSaHUB H<na.Kocxn; W ^ — CKopocxb ooxeKaHiia b ropnaoHxa.ib- 
HOM HanpaB.xeHHn. PesyabxiipyiomaH CKopocxb onpe/ieaiixcB naK 

VWaF+WJ^. 

Bo BxopoM c;iyHae CKopocxb o6TeKaHHH paana CKopocTu 
BSBeiBHBaHHH TBepABIX MaCTIIU B BOTOKe HvHAKOCXIi IFg. 

ECAH CAHXaXb, MXO 


< 1 . 


OaeBUAHO. BeaHMiiHa 81 AOAA\Ha yMiixbiBaxb yMenbiueHiie CKopo- 
cxii BSBeiuHBaHHH HacxHU npn KO.neSanHHX noxoKa h<hakocxh, 
Koraa xypSy.neHXHaH BHSKocxb nocneanero Boapacxaex. 

TaKiiM oSpasoM, vpaBHenne (4) npeoSpasyexca xan: 


Nu _ / 

Nu„ I IVg 


P' 


irfif. 

Wi I 


(5) 


nepexOA« K oueHK'e vKan^eM Ha npocxoe cooxHOiiieHne 

\17. = £, 0) A, (6 ) 

124 


BbixeKaHomee 113 cooSpaHveHiiii paaMepnocxn. BeanMima y-2 no- 
>Kex paccMaxpHBaxbCH Raw HeKOXopaa Koncxanxa, xecHO CBRsaH- 
Haa c HHepunoHHbiMii CBoftcxBaMii wacxim. C yBe.iuMeHiieM axnx 
CBOHCXB 82 yBe.xnmiBaexcH, a npn oxcyxcxBiin iix 82=0. 

OKOHMaxejibHoe BupaineHiie Aa5i ypaBHeHiia KiiHexiiKH n yc- 
aoBnax Ko.Teoaxe.ibHdXO .xBiiH<eHna BSBeiiieHHbix aacxnu iiMeex 


Nu 

NUfi 




(") 


ypaBHenne (7) KaaecxBeHHO xopoiuo cor.nacyexcsi c pesy.ib- 
xaxaMii sKcnepHMeHxoB. 

Onbixbi npoBOAHAMCb Ha 3KcnepnMeHxaabHOH ycxaHOBwe 
(pitc. 1), Koxopaa cocxoiix h 3 xpex ocHOBHbix y3.ioB: HpoxoHHon 
rpy6bi c jTOABH>KHbiM ynacxKOM. KoaeSaxe.TbHoro MexaHii3Ma 11 
ciicxeMbi noAaHH h HarpeBa AHCxiiAAiipoBaHHofi boabi. 

ripoxoHHafi cxeKAHHHaH xpyoKa .xuaMexpoM 26 — 36 mm pac- 
HOAO/KeHa cxporo BepxiiKaAbHO 11 cocxoiix 113 AByx HenoABH/KHbix 
yMacxKOB / Ii 2, >KecxKo 3aKpenAeHHbix 3a>KHMaMi! 5 ii 4 na He- 
iioABii/KHOH iiAHxe 5, ycxa HOBACHHOH Ha paMe 6. Hiihvhiih yaa- 
cxoK npoxoBHoft xpyobi nxieex naxpyoKii 7 aah no.iaMn b xpy6Ky 
AHCXH.IAlipOBaHHOH BOAbl. BepXHHH yaaCXOK HMeeX VBeAlIMeHHblil 
AiiaMexp II aaKaHMHBaexcH npiieMHiiKOM 8 aah cboSoahoxo c.xHBa 
BOAbl. TpexiiH noABH/KHbiH VMacxoK xpy6bi 9 ynpyniMii peaiiHo- 
BblMH KOAbUaMIi 10 COeAHHeH C BepXHHM 11 HII7KHHM yMaCXKaMH 
xpy6bi H c rioMOiubio 3a>KiiMa 11 — c KOAe6axe.xbHbiM xiexaHiia- 
MOM. TaKHM oSpaaoM, xpyoKa 9 Mo>Kex coBepmaxb BoaspaxHo- 
iiocxynaxeAbHbie ABii>KeHiiH, HopMaAbHbie k npoAo.ibHoii ocii npo- 
roMHOH xpy6bi. 

JIah saMepa aMHAiixyAbi KOAe6aHiiH xpyoKii ycxanoBAen 
MiiKpoMexpimecKHH iiaAiepiixeAb 12. KoAeoaxeAbHbift MexaHiiaM 
cocxoiix 113 SAeKxpoABiiraxeAH 13. na KoxopoM ycxanoBAen cxy- 
nenqaxbiH lukhb 14 KAiiHopeMewHoii nepcAanii 15 ii pervAiipye- 
Moro BKCueHxpHKOBoro ycxpoMcxBa 16. Koxopoe npeoopasoBbi- 
Baex BpamaxeAbHoe ABH>KeHiie b BoaspaxHO-nocxynaxeAbHoe, 
coo6maeMoe Luaxyny 17. nocAeAHiii'i mapHiipHo coeAiineH co mxo- 
KOM 18, KoxopbiH ^AaroAapH HanpaBAHiomini 19 noAyqaex cxpo- 
ro HanpaBACHHbie KOAe6axeAbHbie ABH>KeHiiH b ropiiaoHxaAbHOH 
HAOCKOcxii II nepexaex iix noABiiyKHoii xpy6e 9. 

Per^AiipyeMoe SKCueHxpiiKOBoe ycxpoficxBo Aaex bo 3 MO>r- 
Hocxb .MeHHXb aMnAiixyAV ox 0,5 Ao 4 mm. Mhcao o6opoxoB. 
a CAeAOBaxeAbHO, 11 nacxoxa KOAeSaniiH iiaMCHHAiicb c noMombio 
cxyneHMaxoro 11 cmchhux uikhbob h iiaMepaAiiCb xaxoMexpo.M 20. 
BevXiiMiiHa aMHAiixyAbi xaKH<e KOHxpoAiipoBaAacb no xoAy luxoKa 
c noMouibio MiiKpoMexpa. 
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UncTiianiipoBaHHaH B03;a noztorpeBa.iacb b TepMocTaTe 21 ir 
c noMOLUbio Hacoca 22 no creKnaHHOMy Tpy6onpoBO,a,y 23 noa,a- 
Ba.iacb B pacxoaHbie cocyabi 24, rje c noMouibio cnnsHbix xpv- 
6 ok 25 no7iaepjKi!Ba.ic5J nocroHHHbiii ypoBenb. Ms pacxoAHbix co- 
c\7i.oB no Tpy6aM 26 Boja iiocrynaeT b iipoionHyio Tpv6v. Pac- 
xo;i Bop,bi pery.inpyeTCH KpanaMn 27. OTpadoTannan Boj.a n 
naSbiTOK 113 cocyjOB no Tpy6onpoBo,iaM 28 ii 29 nocxynaiOT o6- 
paxHO B xepMocxax. /I.xh Konxpo.nn xeMuepaxypbi b npoxonnon 
xpy6e ycxanoBaen xepMo^iexp, 

12G 


Mexo;inKa npoBeTtennH onbixoB saK.iionanacb b caeax'iomeM. 
Oopaaubi B BHjie mapoo6pa3Hbix Macxim 113 mncoBoro KaMuti 
onpe;i,e.ieHHoro /inaMexpa ibin Macxnubi p,iicnepcHon cfiaabi ripo- 
liSBO.XbHOn (JlOpMbl BB0.3,lKXnCb B Xpexill'l yriaCXOK noaBIl/RHOii 
npoxonnoii xpv6KH 9 n B3BemiiBa.incb noxoKOM Boabi npii oxKp'..^!- 
Tbix Kpanax 2/. O,xH0BpeMeHHo BK.noqa.xcfi npiiBo.i Ko.ieoaxe/ib- 
Horo MexannsMa, ii xpy6Ka 9 npiiBojiiiaach b KO.ieoaxeabHoe 
aBiiJKeHiie c HyjKHoft Macxoxofi ii aitin.inxy.xon. Bperan oiibixa 
cjBiKCHpoBa.iocb ceKy.HjoMepoM. PacxBopeHiie qacrnu riinca npo- 
n3Bo;i.iMOCb B aHcxii.x.xiipoBaHHOH Bo,xe npii xeMnepaxype 298° K, 
HocxoHHCxBO KO xopoH no;ii;epH<nBa.iocb c noMouibio xepMocra- 
TOB. KonnnecxBo BemecxBa, nepeuje:imero b pacxBop, onpejie.TH- 
aocb BecoBbTM MexoaoM. Depea, BssemiiBaHiieM o6pa3ubi cManii- 
Baancb b BO.xe. o6e3BO>KnBa.xiicb b cnnpxe, a saxeM BbicyiuiiBa- 
aiicb B cynjiKibHOM uina^iy npn xexinepaxype 328° I\. SnaneHiie 
K03(|)4)iiuneHxa jncjicjiyann CaSO^ b BOje npiiHHXo paBHbiM D = 
= 1,5- 10“-* M-icehc [5]. KoHuenxpamin HacbnueniiH rnnca Cs = 
= 2,05 Ke/M-. 

OjHa cepna oniaxoB npoBO.iiiaacb c uHaiiBiiayanbHbiMn ma- 
pooSpasHbiMii MacximaMii 113 rnnca ;iiiaMexpoM 5,6 — 1.6 mm . JIjih 
npoBe;ieHiiH Bxopoft cepnn onbixoB oOpaaoBbiBa.iircb cycneHsnu; 
nacxHUbi nponaBOJibHOH (jjopxibi, 6an3Kiie no pasMepaxi, Bbia,e- 
aeHHbie na c^iecii nyxexi pacceBa, noaaBa.xncb b HaMa.ibHbiff mo- 
MCHx onbixa b npoxonnyio xpy6y 9. PaaMepbi qacxnu. ^lennancb 
b npejienax 1,7 — -0,85 mm. 

Ko3(j>^nmieHx Maccooxaanii jan qacxnu, y Koxopbix noxepn 
Beca no oxHomenHio k naqaabUOMy Becy 6biaa neBeaiiKa. onpe- 
aeanacn no 4»opMvae 

tFA c 

Zlan qacxnu. ySbiab Beca Koxopbix cocxaBanaa snaqiixeabHyio 
aoaio nx nepeonaqaabHoro Beca, k onpeaeanaii no {3]: 

k = ^0 — V 
2i c, 

Peayabxaxbi SKcnepiiMeuxa (piic. 2) no KuuexHKe pacxBope- 
HHH rnnca b ycaoBiinx BSEemiiBannH, ho npii oxcyxcxBini Ko.xe6a- 
Hiin o6o6meHbi b Biiae saBiiciiMocxii 

NU(, = /(Ar). 

rioayqeHHan saBnciiMocxb noanocrbio coraacyexcu c vpaBHe- 
HireM (1). OauaKo K03{|H|)nuneHx A aaecb MO>Kex npiiHiiMaxb He- 
CKoabKO iiHoe SHaneuiie, qxo o6bHCHHexcH BanuHiieM qncxoxbi 
pacxBopae.Moro xiaxepiiaaa ii pacrBopiixean [6], ypaBnenne (7) 
ynaabiBaer, KaKuxr nyxexi moh-cho oooomnxb noayqeHUbie pesyab- 
xaxbi onbixoB. 
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B cooTBercTBHH c 3T1I.V1 vpaBHeHiteM cymecTBOBaTb 

OilHcl H Ta >Ke SaBHCHMOCTb Me>K;iV H ‘^(piic. 3 ). 

' Nuo IV'g 

Hs paccMOxpeHiiH saBiiciiMOCTH, noKasaHHOfi Ha piic. 3, bhaho. 
(1) A 

HTO npii Mavibix sHaneHHHx KO.ieoaTe.ibHbiii npouecc He 

OKasbiBaer noHTu HiiKaKoro bjihhhiih Ha KHHeTiiKy. 3 to BJiiiHHite 
Te.M 6o.ibme, neM Menbiue pasMephi aacTHu, (Wg). 



B nOTOKC >KIL],KOCTll 



ripii aHa.Tiiae npiiaiiH pasopoca xoaeK Ha pHC. 3 He oonapy- 
>KeHO KaKHX-.TIffiO 3aK0H03iepHbIX OTK.aOHeHHH, CBHSaHHblX C pa3- 

.iH'-iHbiM oxHomeHiieM =0.25—1.5. Thkhm ogpasoM. ne cae.ia- 

HO HHKaKllX BblBOXOB B OTHOLUeHHH BeaiiaiiH!:! ro B (“). .Mexo- 
iiiOM HaiiMeHbmnx KBa.xpaxoB ycxanoB.xeHo ypaBHenne npaMoii 
.XHHHH, Haiwyarnu.M oopasoM coBnariaiomeH c 3KcnepiiMeHTa.ib- 

Hbi.MH j,aHHbi.\tii Dpi! — j> 0, 1 5. Oho H.Meex Blia, 


Nu 


- = o.bl -f 1,3 — • 

xaKiKe c'tejiaxb bbibo/i o bobmo/Khocxh .xanfaHeiiiueH 
HHieHCiif^HKamiH MaccoooMeHa, Ha qxo yKasbiBaex xapaKxep sa- 
BHCTiMocTii, iTpe.xcxaB.xeHHon Ha pHC. 3. ’ 

OoosHaneHHH 

- - a:HaMexp XBep;i,on nncxHUbi; D — KoacjDtjHmneHx .xH(fii|3y- 
3Hh' CaSOi B BO.ii,e; g‘ — ycKOpeHHe ciwbi xancecxa; » — qacxoxa 
KO.aeoaHiin: aMn.anxyAa Ko.ie6aHnfi: k— KostiJcjDHmieHx xiacco- 

ox;xaqH b ycaoBHHx Ko.icOaxeJibHoro ji,BJi>KeHHH xsepiioro xena; 
-rioxepH Beca pacxBopaiomerocH xsep/ioro xe^ia; z" — spe.MH 
■"" ^ . noBepxHOCXb pacxBopeHHH XBepAoro xe^ia; 


AG ~x 

pacxBopeKiia; F — r 

Ac — paaKocTb Me>K,xy KOHueHxpamreii Hacbimeniifl ii KOHueHxpa- 
miefi B OCHOBHOH .Macce pacxBopa; — aKBHBa.ieuxHbifi .xnaMexp 
HacxHUbi jxo OHbixa; di — aKBHBa.TeHXHbifi ;tiia.\iexp Hacximbi noc- 
•ae OHbixa: ry — KOHueHxpauim HacbiuieHiia riinca; y— vjieTibHbift 
Bee rnnea. 
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.-1. n. MOCC3 

O XAPAKTEPHCTHKAX nPOUECCA 
rOPEHH5J KOKCOBbJX HACTHU. B HOTOKE 
nPH BbICOKHX TEMREPATyPAX 

Onyo.niKOBaHHbie jo cnx nop peawibraTbi onpeieaenjiH Kime- 
TimecKiix KOHcxaHT npouecca ropeHnn ir ra3H(j)HKamiii TBepaux 
Ton.iiiB 6bian no.TvneHbi r.iaBHWM oSpaaoM b crauHOHapHbix 
yc.iOBiinx npouecca na nacjimax TomiuBa KpynHoro pasMepa n 
B o6.7acTn TeMnepaxyp ao 1300 — 1/00° K [3], Hcc.xejiOBaHHH no 
onpe;ie.xeHHio axnx Koncxanx b o6jiacxii 6o.xee bhcokiix xeMnepa- 
xyp n KOHKpexHbix xapaKxepHcxiiK iviaccooOMeHa b noxoKe pearn- 
pyiomero XBepa.oro xonaiiBa eme ne ^.ocxaxoHHO. 

B paOoxe [1] fibi.x paccMoxpen ojiiih us npoueccoB xaKoro po- 
aa. a HMeHHO npouecc ropeHHn n rasininiKauHii KOKca (Jipesep- 
Horo xop(})a b o6jiacxn xeMnepaxyp 900— 2100° K npii K03(|D(j3n- 
mienxax naSbixKa OKiic.iiixecXH «<1. 

Ha ocHOBaHiiii ycpeAHennoro ypaBHeHirn BbiropaHun n SKcne- 
piiMeHxa.xbHo ycxanoB.xeHHbix xapaKxepncxiiK rasooOpasoBaHiisi 
n xeMnepaxypbi no a.iiiHe oa,HOMepHoro noxoKa ropamiix iiacxiiu, 
Ofaiaii no.TyqeHbi pacnexHbie cooxHouiennH onpeji.e7ieHiiH oc- 
HOBHbix napawexpoB npouecca, r.xaBHbiMn iis Koxopbix hb^xhioxch 
KOHK pexHbie xapaKxepncxHKH MacconepeHoca b noxoKe ii Kunexu- 
necKiie KOHcxauxbi BaaiiMoueHcxBiiH rasoBou cpeubi c nbi.xe- 
BSBeCblO. 

HaMi! iisaaraioxcH pe3y,xbxaxbi onpejieneHHH pacnexHbix na- 
pa.MexpoB npouecca ropeniiH nbKxeBOBecn KOKca (ppeaepHoro 
rop(pa B o6,xacxu xeMnepaxyp ox 900 t;o 2100° I\ npu K03(jj(J)u- 
uueuxax uaSbixKa KHc,xopoj;a b uuxepBaae 0,3 — 0,5. 

PaccMaxpuBan necxauiioHapubiu npouecc npu Sojibuiux cko- 
pocxH.x noxoKa, Korua iiouboj, Knc,Topoua k pearHpvKomeH noBep.x- 
Hocxn nacxuu xon.xuBa u otbou rasooSpaanbix npouyKxoB peaK- 
uuu ocymecxB.THioxca ruaBHbiM o6pa30M nocpeucxBo^^ KOUBeK- 
xuBHOii un4)4>y3Hn, caeuyex ynuxbiBaxb xaKJKe B.m-iHune puua 
aapoxiiHaMnMccKnx ^aicxopoe. xaKii.x, Kan BexiimiiHa n (joopMa na- 
CTimeK xonanBa. CKopocxb noxoKa raaoBofi cpeubi, ycnoBun CMe- 
ceoSpaaoBannsi b rioxone u x. .5. Tanoe noao/Kenue, vc.xokhhji 
B ce HBaeuiiH rexeporenHoro ropeunu b ueaoM. ciiabHo aaxpya- 
H5iex onpeae.ieHiie nocpe.icxBOM onbixa peaKunoHHbix xapanxe- 
pncxiiK nccae.xyeMoro xBep.xoro xon.xFiBa, xax kbk uan HaxoB<ue- 
i3C 


HUH nocaeauiix Heo6xouuMO yxiexb .xocraxoMHo xomho paccmixaxb 
iiHTeHCHBHOCTb uouBouB Kiicaopoua K noBepxHocxu ropHIUHX xon- 
ailBHHX UaCTHU B nOXOKe. n ^ a lun 

OcHOBHOH SKcnepiiMeHxaabHOH xapaKxepucxuKou npouecca 
HBauexca BeaunuHa cyMMapHofi Koncxauxu CKopocxu npouecca 
A^, Bbipa/KeuiieM aau Koxopou, xaK caeuvex 113 [1] UBanexcH 




-dOJdz 


O 2 51' 


9 


0,5" 


(1) 


Pacuex SHaueuiift K"- ua ocHOBaunu uoayqeuHbix b paoore FIT 
SKcnepuMCHTaabUbix a,aHHbix (puc. 1, a u 5) 6bia BbiuoaueH 
c yqexoM BeaHuiiHbi AeucTBUTeabHOu noBepxuocTu pearupyro- 

mux KOKCOBbIX qaCTHU B UOTOKe Sf , KOTOpaH, KaK BuW H3 
[2], iiau ycaoBHH ueycTaHOBiiBuierocH .aBnaceHUH qacTuu b uepuoA 
Hx pasroua SHaqureabHo npeBbiiuaer pacqexHvio oSbiquo 
onpe^eaHeMyio jiJisi cavnaa = 2. ' ’ 

H3 paccMoxpeHHB npeacxaBaeuHbix na pnc. \. a. 6 aaBucii- 
Mocxeft A^xu KpuBbix A caeayex, mxo b onbixHOM uuxepBaae xeM- 
nepaxyp ,ox 900 7^o 2100° K oxBaxbiBaioxcH Bce xpii usBecxubie 
odaacxH pearupoBanuH — KUHexnqecKan, nepexo.xuan n autbcbv- 
3HOHHaH, Koxopbie, coraacHO [4], mo^ho .xapaKxepuaoBaxb us- 
BecxHbiM ^KpHxepueM Sm (CeMeuoBa) iiaii KpHxepueM pe>KH.Ma 

™ R<0,1 upaxTii- 

7. 

qecKH MOiKHO roBOpHXb o KHuexuqecKOM pejKUMe, npu R> 0,9 — 
o AH4)^y3HOHHOM. CooxBexcxBeuHO yKasaHHbiM SHaqeHHBM xpu- 
xepHH R oOoux^ saBucuMocxefl OKasBiBaexcH, qxo ao xeMue- 
paxypbi 1210— 1230° K uMeex mccto KUHexuqecKau oOaacxb pea- 
rupOBaunH, a naquHau upuMepno co SHaqeuuH 1600° K u Bbime 
naxo^miTCH a;H4)(|jy3HOHHaH o6aacxb. 

Caea,yK)uj,HM axanoM o6pa6oxKH aKcnepuMeHxaabUbix .nau- 
Hbix HBauaocb Haxox<AeHHe Beauquu, onpeaeauiouiHx cyMMap- 
uyio KOHCxaHxy cKopocxn npouecca A*. Bbipa>KeHHeM aan koh- 
cxauxbi A •. KaK iisbccxho, HBauexcH 


- - 


(2) 


rue a — K03(j)(|)HUHeHx peaKUuoHuoro raaooOMeHa, a 6 — kos*- 
(pMUueux MaccoodMeua. 

B npeueae, b odaacxu bwcokhx xeMnepaxyp, cyMMapuau koh- 
cxaHxa cKopocxH npouecca u K03(J)(|)HUHeHx MaccoodMeua upaK- 
xiinecKu paBHbi. CooxBexcxBeuuo 3xoMy Beannima xapaKxepucxH- 
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KH iiepeHoca BbicoKoxeMnepaTypHoft oSjiacxH npouecca 3ro7Kex 
onpe;ie.xHXbCH vpaBHeHiieM 


(3) 


npn yoiOBHH, hxo (3— 




u,o npii = r; — 0.4 iip:i 0“ = 3o%); 


6 — npn = -00 .v.s- (/ — » = 0.4; 2 — O.o npn O® = 21%; ■! — 0.4 npn 

= 27%; 4 — 0.45 npn 0“ = 27%; 3 — 0.5 npn o“ = SO".;.; 6 — 0.4 npn 0“ = ?-5%) 

152 


B pacqexa.x npiiHiiManii, qxo KoscJicJumneHx a,ii4)4)y3HH D ;ia- 
BiicHT ox xeMnepaxypbi no saKony 

0,198 

V 273 ) 

aI.-’ih pacnexa KiiHexHnecKOH KoncxaHTbi, x. e. b AanHOM cny- 
nae Koa^xJJHUHeHxa peaKUHOHHoro rasooOMeHa a bo bccm hh- 
xepBa,ae HCCJie.xoBaHHbix xeMnepaxyp, Heo6xo.ziHMO snaxb kohk- 



Piic. 2. SaBiiciiMOCTb = /(IgRe): 


0 ;^aHHbIM onbiTOB 


peXHUe BeTIHqHHbl HJIH KOHKpeXHUft BH.a CBBSH Meacay 

xapaKxepncxHKofl nHCJiOM Re. , nocjieii.HHfl ycxanaB^iH- 

Bajicn Ha ocHOBanHH pasTiHHHbix BKcnepHMeHxajibHbix .naHHux 
(caMHx xce onuxoB no ropeHHio) h 2 ih c noMombio MOAejiHpyio- 
mHx npoueccoB (xenjiooOMeHa h .aH^JcJiyaHH). 

Ha ocHOBaHHH nojiyqeHHoro b padoxe [1] SKcnepHMeHxa^ib- 
Horo Maxepnajia b BbicoKOxeMnepaxypnoft o6.iacxH OKaaajiocb, 
qxo KOHKpexHbifl Bn;i saBHCHMDcxH = f (Re), npe;i;cxaBJieH- 

Hbifl Ha puc. 2 B JiorapH(})MHqecKofl cHCxeMe KOop;iHHax iina 
oOjiacxii qHceTi Re ox 10 ii,o 30, jiOBOJibHO ya,OB2iexBopHxe,?ibHO 
annpoKCHMHpyexca kpHBofi I. CooxBexcxsyiomee annpoKCHMH- 
pyiomee Bbipa>KeHne Moacex 6bixb npnnaxo b BHjie 


(4) 


Koxopoe ObiJio no.xyneHO CoKo.xbCKHM h3 ghbixob no Hcnape- 
HHK) a.;iH o6,xacxn nuceji Re ox 0 .ao 100. npHBea,eHHbie aan- 
Hbie noayqeHbi .a^ia qacxiiu, xop4)HHoro KOKca c BKBHBajienxHbiM 
pasMepoM 125 n 200 mk . Cnejiyex oxMexnxb, qxo iiaa qacxnu 
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pasMepOM 125 mk npiiHHToe annpoKCiiMaij.HOHHoe Btipa/KeHHe 
jiaer HecKO.^bKO saBbimeHHue SHaneHiiH Cxporo roBopa, 

COOTBeXCTBCHHO HOJiyaeHHblM SkXnepHMeHXaTIbHbIM XOMKaM A7IH 
aacxHU, 125 mk KpuBaa / AOJiacna h;ixh HecKO./ibKO Kpyae. Oa- 
HaKO nojiyaeHHbift sxoro pasMepa aacxHii. pasSpoc SKcne- 
pHMeHxajibHbix ToaeK, a xaKMce Ma.7ibift naSop BapbiipyeMUX 



Piic. 3. 3aBncHMOCTb Koac^imneHTa peaKuiiOHHoro raaoooMeHa Iga ot 
T eMnepaxypbi; 


2-200.VK 


B onbixax 4^paKu,Hfi aacxHu, ne nosBOJiHJiH yxoaHuxb (4) 
ycjiOBHft npoBeji;eHHbix onuxoB. 

Hcno;ib3ya saBHCHMOCXb (4 ) h ;ti.aHHbie no nncjiaM Re c yne- 
xoM 3HaqeHHH oxHOcnxejibHOft CKopocxH qacxim b noxoKe, kohk- 
pexHoe BbipaHvenne pacnexa xapaKxepncxuKH nepenoca 

6bMO nojiyqeno b xaKOM Bii^e: 

= 2 -f 0, 1 6 {1-0,2 (■/)-= 3] , (4M 

r;i,e 


Peaynbrax pacqexa KoscJi^^nmJeHTa i\iaccoo6MeHa p ji.xb onii- 
caHHbix B [1] onbiTOB no ropeniiK) noKasan na pnc. 1, a, o — Kpii- 
Bbie B. 

3 th KpiiBbie HB.xHKDTca npeAenbHbiMii no .iiicpfpysiioHHOH cno- 
cooHocTH paccMaxpiiBaeMoro npouecca ropennH nbijieBHA- 

Hbix KOKCOBbix nacTHU B noTOKe rasa. 

134 


IlMea 3Tn naHHbie. no (1) n.in K mo>kho noovaiiTb Beaii- 
MUHv KoscpcpnuneHTa peaKunoHHoro xaaoooMeHa u b cncxeMe ko- 


opAHHax Ig' u — 


1 

r°K 


(pnc. 3 ), vaoShoh xth cyHcnennH o npiiMe- 


HiiMocTii B nanHOM cnyqae saKona Appeniiyca. npeacxaBJieHHbie 
naHHbie noKasbiBaiox .iiiHenHbin xoa saBiicHMOCTn n Moryx obixb 
onncaHbi Bbipa>KeHHeM BHJia 


E 



Onpea,e.xeHiie SHepruH aKXHBauHii E h npeii.9KcnoHeHii,na.xb- 
Horo MHOTKHxenn ao Jiaex cooxBexcxBeHHO SHaneHUH £=1,49- 
• 105 KdoicjMOAb li ao = 3,55- 10®, Koxopbie naHfiojiee qexKO xapax- 
xepiisyioT o6.iacTb xeMnepaxyp 900 — 1600° K. 

B 'pesy-xhTaxe xeMnepaxypHOft saBHCHMocxn ko 3(|)4 )huh- 

enxa peaKUHOHHoro xaaooSMeHa npouecca ropeHiin xop(})HHoro 
KOKca HMeexi c.ieji,yK)m,ee KiiHexHnecKoe ypaBHeniie: 


a = 3,5o* 10®exp 


1,49-105 ' 

RT 


( 6 ) 


06o3HaHeHHfl 

A* — cyMMapuafl KOHCxaHxa CKOpocxu npouecca; O2 — koh- 
ueHxpaunn" KHC.'iopoua: tp — CKopocxb npouecca; — noBepx- 
Hocxb nacTHu b noxoKe; — xapaKxepHCxnKa nepenoca; 

§ — K03c|i4)HUHeHx MaccooOMena; D — K03(|)(|)iiuueHT ji,H(|)4)y3HH; 

— aKBHBajienxHbifi unaMexp nacxHu; a — KO3({0(i)HUiieHT pe- 
aKUHOHHoro raaooSMena; ic’a — cKopocxb noxoKa; > — KiineMaxH- 
necKan BHSKOcxb cpeuw; Z — 6e3pa3MepHbift KpiixepHfi; E — 
aneprun aKTHBauiui; a-o ~ f^Pe-^^^'cnoHenuHa.xbHbift MHOXvHxejib; 
T — xeMnepaxypa. 
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.U. 0. l<A3AHCKffn, P. B. J.vUblK. B. ,W. KABAHCKIfH 

OnPEiXEJIEHHE 0 OPM CB5I3H BJIAEH 
C AHCOEPCHblMH TEJIAMH 
no METO^y TEPMOrPAMM CyillKH 
B UJHPOKOM ^HARASOHE TEMIlEPATyp 

B paooTax [1. 2] noKaaaHa bosmo/Khoctb ana^THsa Biaru nr. 
cTZ^lT ^o^fOI^Bfo xepMor^aMM 

y^HTfaiBan Ba>KH0CTb iiayMeHiiH ancixJiepeHmia.TbHbix Bonorio 
nxomaioipnx cbohctb TepMo.-ia6ibXbHbix AncnepcHbix xe^ bX^ 
Kaex Heo^o;iHMocxb b pacmupeHHii B03Mo>KHocxeft npHMeHeHiiH 
xepMorpacDHBecKoro Mexoja aHa.xiisa cJiopM cbhsh B.xarn b cxo 
poHv MeHbuiHx xeMnepaxyp. B cbhbii c bxhm iipeAcxaB.XHex h 2- 
B^xiiBHiie aaB^icHUH Bosjivxa Ha c^opMy noxvqae 
MOH^j-epMorpa.MMbi cyniKH h noao>KeH„e Ha ne/Kp'^HWcKpfx 

rnTr?''n'' n° BPOBo;iHxcH B BaKy.vMHOM xepMocxaxe / 

■ iocoM W/ ® KOTOPOM cosipaexcH (iPOpBaKyVMHblM Ha- 

COCOM VJI. KoHCTpyKUHH xcp.Mocxaxa o6ecneqiiBajia bo3mo>h 

axMoc|epHTi°5o 

TV B.xajKHocxii oopaseu noMemaacH b KioBe- 

KiOBexa noABemiiBa.xacb k Mamne aBTOMaxiHiecKiix diOTO- 
’^y^cxBHxe.xbHocTb saniiCH Beca 
MOJKHO 6bMo HSMeHHXb B Hpejie.xax ox 3,9 • IQ-^ .xo 147 • IQ-^h 
Ha 1 MM uiKa^xbi caMonurnymero noxenmiOMexpa 

JanHCfa ii3.MeHeHiiH xeMnepaxyphi oSpaspa ’(xepMorpaMjibi) 
npoii3BopiKiacfa c noMoipbro Me/iHoro xepMOMexpa conpoxiiBieHim 
Be^xiiHiiHOH OKOPO 70 o.. npH 20° C, noiKPeeHHoro k 
B exbi TepMOMexp conpoTHBJieHHH HB^xHexcn hjibhom oObiHHofi mo- 
cxoboh cxeMbi ///. C PHaroHa.xir Koxopoft HanpHH<eHHe nopLxcH 
^ caivroniiuiymero noreHmioMexpa. IIsMeHHH xok nHxaHHH 
3iocTa, MOJKHO MeHHXb MacuixaO sanucH xepMorpaxiMbi. ripn mvb- 
cxBiixejibHocxii caMonumymero noxenmioMexpa nopnpKa 10 ue 
Ha BCK) lUKaay i. paBencxBe Bcex n,xeH Mocra HenHHefiHocxb ta 
nucH xeMnepaxypbi OKaabiBaexcH xienbuie 1 %. mxo ne Bbixopiix aa 

crMonllmvZ'’*'”™"” oopasoM. noKasaHna 

caMOHHiuymero noxenmioMexpa OKasbiBaioxcH npanxiHiecKii nno- 
noppHOHapbHbiMii xexinepaxype oSpaspa. ^ 
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nocTOHHCTBo TeMnepaTvpbi B03p.yxa b repMocTare no;iiiep- 
^KitBaercH c noMombK) ,T,Byx HesaBiicinibix pery.iHxopoB. Peryjipt- 
poBaniie xeMnepaTypbi Bosayxa b xepMocxaxe ocymecxBJiHJiocb 
c noMoipbio pejieHHoro peryaaxopa VI c xepMircxopoM Bojiee 
cxporoe xepMocxaxHpoBaHiie BSaiisii KKOBexbi c iicc.TeayeMbiM o6- 
pasuoM, HaxoTfHmeficH b oxpaHHOM cocvTie xep.Mocxaxa, ocvme- 
cxB.XHexca c xoqnocxbio ;to coxbix ^.o.xen rpa;i.yca c noMOiUbfO 4)o- 
xoxupaxpoHHoro nponopmioHaabHoro peryjinxopa V, noflKJiio- 
ReHHoro K HarpeBaxeJiK). pacnoao>KeHHOMy b oxpaHHOM cocyae. 
JlaxHUKOM xeMnepaxypbi xih axoro perv.xaxopa c.xv>kiix xepMo- 
Mexp conpoxiiB.xeHHH Rse. 

Te.Mnepaxypa Bos/tyxa b oxpaHHOM cocyj,e xepMOcxaxa He- 
npepHBHo HSMepHexcH ;iono.nHnxe.ibHbiM Me^tHbiM xepMOMexpoM 
COnpOXlIB.XeHHH /? 35 , BKJIEOHCHHblM B HecSa.X a HCH pOBaHHyK) MOCXO- 
Byio cxcMy /V, saniicbiBaexca b bhjc KOHxpo.ibHoft KpiiBofi na 
ncHxe xoro >Ke caMonHuiymero noxenmioMexpa. Jl.xa nor;iome- 
HiiH B.xarn, yp>ajiHeMOH npir cyniKe. na ahb oxpaHHoro cocyjia 
ycxaHaBJiHBaexca BOAonorjioxiixe.ib. 

TimiiMHUM KanHJiJiHpHonopiicxbiM xe.xo.M c pasBHxoft xohkoh 
nopHcxoH cxpyKxypoH b Hauiiix onbixax c.iy>KH.x CHjiiiKarejib 
KCM. KanH.xa5ipHonopHcxbie Koa.xon^iHbie xe.xa c HeTKecxKoft no- 
piicxoH cxpyKxypoH 6bijiH npea,cxaB.neHbi nbiJKeBCKHM SeHxoHii- 
xoM. B KaMecxBe xiinimHoro Ko.iaoHa,Horo xejia SbiJia Bbifipana 
/Ke.xaxiiHa, a npuMepoM xepMo.xaSn.xbHoro ancnepcHoro xe/ra 
cay>KiKi KapxocJie.xbHbiH HaxiiBHbni Kpax.Ma.3. cxpyKxypa n (|)H3ii- 
^lecKiie CBOHCXBa Koxoporo iisMeHHioxcB npn HarpeBaHnii (b bot- 
Hoii cpeje) Bbime 40° C. ZI,H4)(})epeHmfa.xbHbie BOJioy;iepH<nBaK)- 
m.ne CBOHCXBa Bcex bshxbix odpaauoB ;i,ocxaxoMHo no;xpo6HO iisy- 
'leHbi c noMoiubio paa.xiiMHbix 4)ii3]iKo-XHMnqecKiix MexojiOB [5, 6]. 
Mio a,aex B03Mo>KHOcxb npoBepiixb .locxoBepHocxb pesy.nbxa- 
xoB xepMorpa(|)HMecKoro aHa.XH3a. 

Onbixbi no sanncH xepMorpaxiM cyujKii ii cooxBexcxByioiiiiix 
]iM KpiiBbix Beca npoBoj,njiHCb npn xeivinepaxype Boaayxa "xepMO- 
cxaxa_ 30° C ii AaBJieHHir Boajiyxa oko.xo 0,53 h/cm-. JXjih cpaBHe- 
HiiH 6bian aanHcaHbi xaK>Ke xepMorpaM^tbi n KpitBbie Beca npn 
xeMnepaxype B037;yxa 110°C n axMoccfiepHOM .xaB./ieHHH, x. e. 

B ycjioBHHx, npn Koxopbix oObiMHo npoBOj,nxcn nccaejoBaHiie o6- 
paanoB no 3iexo;iy xepxiorpaMM cvlukh (pnc. 2). 

Ms cpaBHeHHH xepxiorpaMM cyuiKii cnniiKare^nH KC/M (cm. 
pnc. 2, a H 6) bh;iho, nxo (|)opMa xepMorpaMMbi, xapaKxepnan 

AaHHoro xnna .uncnepcHoro xe.xa, n KOJinxecxBo xonen nepe- 
rnoa Ha neii ne nsMennioxcH npn iia.MeHeHnn xeMnepaxypu n aaB- 
.xeHMH B03ji,y.xa b cpaBHiixe.xbHo mnpoKii.x npeje.xax. Tonno xaK 
>Ke coxpaHnexcH npn nsMeHeHiiH aaB.xenHH n xeMiiepaxypbi n 
c})opMa xepMorpaMMbi nbi>KeBCKoro OenxoHHxa (pnc. 2, e n a). 
xoxH xepMorpaMMa nbi»ceBCKoro OenxoHnxa no Bn.xy cymecxBeHHo 
ox.xnnaexcn ox xepMorpaMMbi cnxiiKare.xH. Flpn sxom noHUTKenne 
138 


AaB.ieHiiH B03;iy-xa (npn oa:HOBpe.MeHHOM noHn}«eHiin xeMnepa- 
xypbi) HecKo.xbKO 6o,xbine yBeanMiiBaex Bbicoxy xep.MorpaMMbi 
(h cooxBexcxBeHHO cKopocxb cyLUKii) B oO.xacxii iicnapeHiiB c.xa- 
6o CBBsannoH BJiarn ii xienbine — b oo.xacxn ncnapennH iinxen- 

CHBHO CBH3aHHOH (aACopOiipoBaHHOH) BJiam. 

TaKHM oOpaaoM, na pnc. 2 Bna,Ho, qxo (JiopMa xep.MorpaMMbi 
xapaKxepnsyex nopncxyio cxpyxxypy n rHii.po({)H.xbHbie CBoncxBa 



Q. o — CHJiUKarejib KCAl; s, e — iibiHceecKiin GenTonu" 
>Ke.aaTima: 3 — Kpa.xMa.i npji no n — 30° C: /— ,5 — to 

, I'lioa KpiiBoii 


.HHcnepcHbix xeji n cpaBHHxe.XbHo Ma.xo aaBiicnx ox xeMnepaxypbi 
n aaBJienHH B03.a,yxa npn cyuiKe oOpaana. B xo >Ke epcMH noHii- 
TKenne AaBjieHiiH Bosjiyxa b xepMocxaxe no3BO.XHex ycKopnxb nc- 
napenne B.xarn 113 xe.xa nacxo.xbKO, qxo cxanoanxca bosmojkhbim 
npoBo^lHXb xepMorpatjniqecKiin ana.xna npn KOMnaxHbix xeMnepa- 
xypax c BbicoKOH xonHocxbio. 

XepMorpaMMbi c^ruiKii /Ke.xaxiiHbi, aanncaHHbie npii xeMnepa- 
xype B037i,y-Xa 110 n 30° C (piic. 2, <5 n 2/c), b CBoen nanajibHon 
qacxn cymecxBeHHo oxjinqaioxca .npyr ox ^pyra. 3xo CBHsaHO 
c xeM, qxo npn 20 — 30° C n^e.xaxnna npe.ztcxaB/iHex co6oh orpa- 
HiiqenHo HaOyxaiomnH re.xb [3], jjih Koxoporo xapaKxepna 5 - 06 - 
pasnan cpopMa xepMorpaMMbi c ropiisoHxa.xbHWM naqajibHbiM 
yqacxKOM. Mpn 6o.xee BbicoKon xeMnepaxype nce.xaxiiHa nepexo- 
AHT B HeorpaHiiqeHHo HaOyxaiomnH re.xb (KO.x.xonaHbin pacxBop) 
13], cKopocxb iicnapeHiiH B.xarn 113 Koxoporo nenpepbiBHO ^rMenb- 
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maercH no Mepe veeaHneHUH ero KOHneHTpamiii. B cooTBeTCTBiiii 
c 3THM Ha xepMorpaMMe, sanucaHHofi npii TeMiiepaxype B03;ivxa 
110 C ^(xe.AinepaTypa HcenaxiiHbi npii 3 'iom iisMeHnnacb ox 70 
no 110 C), HananbHbift ropiisoHxa.xbHbift vnacxoK oxcyxcxByex. 

TepMorpaMMa cyiUKii KpaxMana (piic. 2' 3 ), iiMeKoiuaH xap'aK- 
xepHbifi s-o6pa3Hbin biu, 6bina Baniicana xonbKo npii 30° C, xax 
KaK npH 6onee bbicokoh xeMnepaxype b BonnoM pacxBope npax- 
Mana npoiicxonnx HeoOpaxii.Mbie nsAieHeHiiH (Kaencxepiiaaunn ) . 

llyxeM npoeivTiipoBaHiiH KpiixiinecKiix xoncK xepMorpaMM Ha 
KpHBbie Beca fibinn onpenenenbi nH(t)(|)epeHmianbHbie Bonoynep- 
JKHBaiomHe CBOHcxBa oSpasHOB. 3 xh naHHbie coOpanbi b xaOnii- 
ue, rne nnn cpaBHeHiin npiiBeneHbi xaKJKe nsHHue. aaiiMcxBOBaH- 
Hbie H3 niixepaxypHbix hcxohhhkob [ 1. 5. 6], Hs xaoniiubi bh/iho. 


T a 6 .1 ji u a 

llH({)$epeHi;MajibHoe BjiarocoAepmanMe. 


•MaTepiia.! n TeMiiepaTvpHbie 
yC.lOBHH, “C 

noJiHaa 

BjiaroeM- 

XpaHiina 

CTbIKOBOg 

necKa 

Ko.nH'jecTBO 

riirpocKo- 

nimecKoi'i 

Ko7iii*iecTi 

pOBSHHi 

30 a,3ccpriii- 

no.-inoe 

MOHOC.lCii 

Cii.iHKare.xb KCAi (necon) 






npn 7=110 

39,0 

32,0 

28,7 

14,2 

6.4 

/ = 30 

41.6 

28.7 

25.0 

13,0 

7.9 

ribiiKeBCKjiii 6eHTOHHT 



29,1* 

14,5* 


npn 7 = 110 

77,0 





21 .6 

12,9 

^ = 30 

86.5 

— 

_ 

21,0 

H.O 


83.7* 

— 

— 

19,8* 


KapTO(})e.ibHbiii HaTHBHbii’i 






Kpa.XMa.T npn 7 = 30 

80.2 

— 

— 

31 .8 

19.9 


— 

— 

68.7* 

32,9=" 


^Ke-iaxuna npn 7 = 30 

627,0 




42,6 

26.0 


— 

— 

92,4* 

37.9* 



* CpenHiie no ainepaTypHbiM jaHHUM (!. 5. 6], 


Kii no xepMorpa(|innecKOMy nccnenoBaHiiio nucnepcHbix xe.x b hih- 
poKOAi nnanaaoHe xeMnepaxyp. nxo oco6eHHo BascHO nnn xepMO- 
naSiiJibHbix nucnepcHbix xen, a xaKH<e xen, CBoftcxBa Koxopbix 
mchhioxch c xeMnepaxypoH. 
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Hxo KOAHnecxBa BJiarii paanbix 4)opM cbhsii, onpene.xeHHbie npn 
30° C B ycnoBHHx noHHH<eHHoro naB.ieHnn Boanyxa. nocxaxoHHo 
6 jih3kh k naHHbiM, nojiyneHHbiM npii 110°C, ii naHHbiM nnxepa- 
xypHbix iicxoHHHKOB. HeSojibiUHe pacxo:a<neHHH CBHsaHbi, no- 
BHniiMOMy, c norpeuiHocTbio HeKoxopbix fiSMepeHHft, a xaKJKe c 
SaBHCHMOCXbK) XlinpO^Iin bHOCXH HCC.ienOBaHHbIX oSpaspoB ox 
xeMnepaxypfai. 

TaKHAi oSpasoM, KpiiBbie puc. 2 , a xanJKe naHHbie xaOjiHUbi 
HarnHAHo neMOHCxpnpyiox bosmohchocxh npennaraeMon vcxanoB- 
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M. B. BEJiEJlMKTOB, H. M. pyRHblH 

METOJl H yCTPOHCTBO 

OnPE^EJIEHHH MAJIbIX BJlArOCO;iEP>KAHHP! 

B nOPOUJKOOBPASHbIX MATEPHAJIAX 

npon3BO;i,CTBO MHOniX npO^lYKTOB COBpeiVieHHOH XHMIill li Me- 
Taji^ypniH CBBsano c iicno.ibsoBaHHeM ilhii nojiyqeHHeM nopom- 
KooSpasHbix Maxepiia.ioB c Baa>KHocTbio nopHj.Ka AecHXbix ii co- 
xbix TiojieH npouenxa. 

Bo.obmoe sHaMeniie iiMeex KOHxpo.Tb Manoft B.iajKHOcxii b xex- 
Ho.xorimecKOM noxoKe, npimeM speMH KOHxpo.XH joji^kho 6bixb 
Hacxo.HbKo Ma.ibiM, Mxo6bi peay.ibxax KOHxpo.XH mop 6bixb iicno.ib- 
30BaH it.iH KoppeKxupoBKii xexHo.iorHHecKHx ripoueccoB. UlHpOKO 
npiiMeHBeMbie b HacxoBinee BpeMFi s-^TeKxpHqecKiie Mexo^bi ii 3 Me- 
peHiiB, xHMimecKiiH Mexozi, K. tJ>Hiijepa ii secoBoft Mexoji, oxasbi- 
BaioxcB npaKxriMecKii HenpiiroTiHbiMit HBMepennH o^eHb Ma- 
.3bix^ B.xa/KHocxeii: nepBbiii — ii3-3a HenocxosiHcxBa s.xeKxpHqecKnx 
CBOHCXB Bojibi npn HBMeHeHUH (JiopMbT ee cbb3ii c MaxepiiaaoM, 
ocx^bHbie — 113-33 ;i.xHxenbHocxn ii c.iokhocxh SKcnepuMeHxa. 

llpea^xaraeMbiH Mexoj ocHOBan na MiiKpoKanopiiMexpuMecKOM 
onpejietieHiiii yjie.xbHori 3Hxajibnnn B.iajKHoro Maxepiiajia b npo- 
uecce jiecopSuHii ii nosBo.nnex onpej,e.xHXb Ma.xbie B.xarocojtep/Ka- 
HIIH Kai\ B BOJlHOpaCXBOpUMblX, XaK H B BOTtHOHepaCXBOpUMblX BC- 
mecxBax 3a speMH, coiiSMepuMoe c BpeMeneM npoxeKaHHH xexHO- 
aoxH^ecKoro npopecca. 

ripH (i)H3HqecKOH aACOpgpHH napoB Bo^bi Ha BO^HonepacxBo- 
piiMbix II BojiHopacxBopH.Mbix MaxepHajiax o6pa30BaHHe moho- 
CJIOH conpoBOyKTiaeTCH Bblr^eJIeHHeM xen.Toxbi, BejiUHnna Koxopoii 
cpaBHiiMa c xen.xoxoii KOHjieHcamiH; 

dQ={H^+H')dM'. ( 1 ) 

06pa30BaHiie noji'iicjioeB Bo^iHOHepacxBopiiMbix a;icop- 

6eHxoB conpoBOJKjiaexcH BbiAe.ieHiieM MeHbiuero KoaiiqecxBa x:en- 
.xoxbi, xaiv Kaiv SHepniH cbhsh MoneKwx c VAa.xeHiieM ox noBepx- 
HocxH aAcop6eHxa na^aex. no.xHMo.xeKv.xHpHaH ajicop6miH Ha 
BOTtHOpaCXBOpiIMblX a7ICOp6eHXaX npiIBOaUX K B03HHKHOBeHHHD 
HacbimeHHoro pacxBopa. EIpii 3 xom BbrnejinexcH (norjiomaexcn) 
xennoxa q^, HaabiBaeMan xen.xoxoii pacxBopeHUH, 3HaK Koxopoft 
N2 


dQ= 




saBiiciix ox xapaKxepa nBMeHeHiisi pacxBopiiMocxii r,, Bemecxsa 
c xeMnepaxypofi [1]: 

^ \ dCf, 

Bbi/ie.iHiomaHCH npii a;icop6mm n pacxBopeHiiii xen.xoxa paB- 
Ha MSMeHeHHio 3Hxanbnnii BaaTKHoro BemecxBa: 

dQ = d (£■ + pV) — (H,, ± //p -- H') dM'~ dM^. (3) 

H3MeHeHiie xeMnepaxypbi Bcero Maxepiia.xa Bc.xejlcxBiie ,xe- 
copSmiH B037i,yxa npn BaKyy.MiipoBaHiin MoHcex 6bixb KOMncHcii- 
poBaHo cnemianbHbiM BbioopoM cxeMbi naxiepeHiiH. PaccniixaHHan 
xaKiiM o6pa3oi\i SHxanbniiH B.xa>KHoro Maxepiia.xa 

: H H' + //b— \ dM’ -\- 
\ dH'j 

+ d (£■ -j- pV) = — HidM' 4- dH^. (4). 

npii :iecop6miii xenaoxa xo>Ke Syjex -xapaKxepiiaoBaxbCH ii3- 
MeneHiieM SHxaabniiii, ho shhk xennoxbi 6\7i,ex npoxHBorio- 
nOJKHblM. 

Ecjih TOHKHii cnofi B.aaHvHoro Maxepnajia c TeMnepaxvpoft 
/q noMecTHTb B BHKyyM H no;iBeprHyxb ;i;ecop6miH, xo Bc'.ie;!- 
cxBHC iicnapeHiiH BJiarn BHyxpn Maxepna-xa BOSHHKaex neKOxo- 
poe pacnpe;ieJieHHe xeMnepaxyp. 3xo aHajioriiHHo c.xyqaio, 
Korjia BHyxpii cnon niweex Mecxo nepeMeHHbift hcxomhuk xen.xa 

r 1 

-MOmHOCXblO [2]. 

d - 

HanpiiMep, jiana xpexcocxaBHaa HeorpaHHneHHaH nviacxnHa 
c Hana^bHOfi xeMnepaxypofi /„= 0- TenjiocfinsHqecKHe k- 03(^4 )h- 
UHCHXbl UeHTpaJlbHOfi HTiaCXHHbl Aj, Cl, Yl, SOKOBbIX A-i, Co. Y”- 
Bnyxpii neHxpanbHoft njiacxHHbi ^eficxByex hcxohhhk xenjia 

Moiii.Hocxbio qo ~ — • Bbicoxa n.xacxnHbi SHaqiixe-ibHO .\ieHbme 
d T 

miipuHbi, 11 ero mo>kho npeneSpenb. BbiSHpaa naqa.xo Koop^lHHax 
B cepeAHHe ueHxpavXbHofi njiacxHHH, 4H(|)4)epeHii,HavibHbie vpaB- 
HeHHH xenjionpoBOiiHOCXH, rpaHnnHbie h Hana.ibHbie vc.xobhh 
4*'iH CHMMexpHHHoft sa^aHH Sy^yx nMexb bhu: 

dfi _ , Qo dW dt.y _ ^ d-t., 

d ^ dx- ‘ Cl Yi d X ■ d- ■ dx- ' 


ii (x, 0) = t.y ( V, 0) = 0; 


d'l (, 


dl. 


diAO, -) 1 


dx 


(o> 


dx 


— Oj = ^2(01 
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BHaqa.^ie no.ioiKHM, hto Qq — AH h He saBUCiiT ox W. B ca.MOM 
dW 


K03(j)(|oimHeHTOB HOToporo onpe/ie.iHioTCH 3KcnepiiMeHTa.?ibHo: 
s 


dW 

dz 


Torji,a ji,ii({)(:|3epeHUHa.ibHoe vpaBHeHiie xen.^ionpoBOiiHOCTn oyjex 
HMexb bh;i 


dt^ AHW^ 

d T dxr Cl Ti 




npHMeHHH onepauHOHHbifi Mexo,!, no.iyqaeM pemeHne j.is 
pacnpeqe.qeHiiH xeMnepaxyp b ueHTpa.ibHon n.xacTifHe: 

= ‘ V V(4.)" ( hr- 

- r T--),,, f (2/? — 1) r -j-At (2// — 1 ) /' — A'1 

i-m eric 7= ^ f i-”' eric t== — . 1 8 > 

L 2]'ci^ 2 ) a^z J 


>-. Va, 

Ec.xh b cepe^HHy n.iacxHHbi iioMecxiixb jraxmiK xe.Mnepaxypb; 
(xepMOMexp conpoxHBJieHHH), oh 6y;i,ex iis.MepHXb cpe;;HiOK' 
xeMnepaxypy. IIsMeneuHe conpor/rB^xemiH jaxmiKa 

AR = — ^i(0, t)|. (9! 

ilocae neKOxopbix npeoopasoBaHuft no.iyqaeA! 

\ D ( _ \ p e ^0 0 


1 V 


1 

1 

) A ' 

1 m=l 

( 

1 -f 2-- 


1 

\ 


\ 2 ;/ 


-S"* V2^ 


1 -r/fs 
4zli~- 1 


- ( — /;)"—’ i-’” eric 


2// — 1 1 


1 '^0 


i-"' erfc — ^ 1 ; . 

1 


tc.iH ;i,axHnK conpoTiiBaeiiiiH BKaKineH b iiaeno Mocxa conpo- 
THBJieHHfi, BejiHHiiHa HanpH>KeKiiH Ha Bbixojie Mocxa b KBaan- 
ypaBHOBeiiieHHo.M pe>KHMe 


A U (z) 


-- /?o A ^ (■)- 


(11) 


Maabix SHaqeHHfi KpiixepHH a>ypbe (F^ < 0,25) Be-iimii- 
HOH ^BOHHOli Cy-MMbl MOHCHO HpeHeopeHb, xorja Be.lHHIIHa 
HanpHHceHHH na Bbixo;i;e Mocxa 

'•i Yi 


,§y- 




( 12 ) 


TaxiiM oopasoM, Be^-iHHHHa pasoa.iaiica Mocxa HR.iHexcH 
(pyHK'HHeii BpeMCHH; MaKciiMa.TbHoe 3HaqeHne pasoa.iaHca 


O Yi 


^ {3’m-l ), 


( 13 ) 


— const onpeirennexcH xonbKO saKOHa.Mii MaccooSMeHa 
npH jiecopoium B.xarH b BaKvvMe. Oxcrojia 

^ max , T T 

— — = —cqo = cAH, (14) 

o6pa30M, mohaHo nonyqiixb onpe;ie.ieHHyio saBHcii- 
MocTb Memjiy BemmmoH paaSananca Mocxa conpoTHB.aeHHH 113 - 
Te.nepaxypy Maxepnana "npH icopOulnr 

HHrx-ieqbHnfi It""”®" Marepiia^xa. Ec.xh iiSMene- 

H.ie \ jenfaHOH aHxa.xbnim b imxepBa.ie BJiaHvHocTeA ox IF, no IF., 
nocxoHHHo, xo 3Ta saBHcifMocTb fiynex niiHefiHOH. OopMvna (14)" 
.xerna b ocHOBy KOHcxpyirpoBaHiiH ycxpoHcxsa n.xH onpeneneHiia 
"OPOLUKOBHX MaxepiianoB. ycnoBiia H3o6^apHo-ii3o- 
^TponnqecKoro conpHH<eHi!H cpaBHiixenbHo nerKo ocymecxB.iH- 
■^ecopOuHii Marepnajia b BaKyvMe. HetfSMeHHocxb 
BHeiUHero naB.xeHHH nocxiiraercH nocxoHHcxBOM CKopocxn ox- 
KaHKH BaKvvMHOH KaMepfai; OTcyxcxBHe BHeuiHero xennoooMeHa 
ooycnoBneHo hhbkoh xenjionpoBonHocxbio Bosnyxa non naBxe- 

ZrloTlT" P"- 

Marepwana h oco6eHHocxHMn KOHcxpvKmni HVBCTBiJxenbHoro ' 
a.xeweHxa. 
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Pile. 1. C.\eMa ;i,aTmiKa BJiaroco.a.e])avaniisi; 


^^’crpoHCTBo onpeae.ieHHR .\ia.ibi.\ B.7aroco;i,ep>i\aHnn co- 
CTOiiT II3 jaTmiKa (piic. 1) n BTopiiMHoro npnoopa. 

MvBCTBiiTe.ibHfain sneMeHT npejtcTaB.iRex coooh xoHKOCTeH- 
HVK) KioBexy 113 n.oeKciir.Taca bbicoxom 4 mm. ^ho KioBexbi saK.ie- 

eno xoHKOH (0.02 3fjtf) ajiio- 
^[UHlleBo^ (jDO.Tbrdif, k ko- 
xopon nojKneen xepMO- 
itiexp conpoxiiBaeHHH (wiea- 

HbiH npoBon aiiaMexpoM 

0,05 mm). rio.iHaR xenao- 
eMKoexb ,x,axqiiKa na ozihh 
nopHjoK MCHbiue xenjioeM- 
Kocxii BaajKHoro Maxepiia- 
na, BHocHMoro b aaxRiiK. 
3x0 ooecneBUBaex b nep- 
BOM np]i6,ii]JKeHiin nesaBii- 
CHMOcxb pesyjibxaxoB iis- 
MepeniiH ox KOJiimecxBa 
Maxepiiaaa b jtaxRHKe. 
y.MeHbuieHiie xen,xoBoro 
iioxoKa B;i,o,ib xopuoB kko- 
Bexbi .locTiirHvxo cneuii- 
a,XbHOft npOTOMKOH. 

BHvxpn BaKvyMHOH KaMepw noMema,THCb ^ea o;i,nHaKOBbix 
MyBCXBHxe,xbHbix B.xeMenxa; b oj,iih na hiix (BepxHitn) 3acbina,xcH 
B.Xa>KHbIH Xiaxepna.X, B r^py^OH 

(hhtkhhh) — cyxoH. TepMO- 
Mexpbi conpoxiiB,ieHHH qyBCX- 
BHXe.XbHblX B.ieMeHTOB BBej.e- 
Hbi B coce^HHiie n,ieqn nsMepn- 
xe/ibHoro Moexa. TaKaa 
(jjepeHUHa.xbHaa ciicxeMa nozi- 
K.TK5MeHHH HyBCTBHXeJIbHbIX 
saeMeHTOB paspemaei hck,xk)- 

miTb BJiHHHHe ;tecop6uHii B03- 
ayxa, rpaHyjiOMexpiinecKoro 
coexaBa h HajiiiHna xHMiine- 
CKMx npnxiecefi. 

BxopnnHbiH npiioop npe.x- 

cxaB.nnex coSoii BHCoKowyscx- kohuchtimt 

Biixe.ibHbin Moex noexoRHHoro 

xoKa. B KanecxBC ycn.xnxe,xH npiiMeHen (|)oxo 3 aeKTpiiHecKiiii ycn- 
anxe.ib. iiHAHKaxopoM paBHOBeenn Moexa cay>KHx noayaBXOMaxn- 
MecKiin iioxenmioiviexp. 

yCTpOHCTBO HCn0JIb30Ba7I0Cb nO.iyneHHR SaBHCHMOCXII 

Mea<ii.y A;7ma.x n naqa.ibHbiM BJiaroco.ii,ep>KaHiieM MaxepHajia KaK 
BOilHOHepaCTBOpUMblX, XaK n BOilHOpaCXBOpHMblX Be- 

l-16 



Plic. 2 . SaBiicii.MOCTb MeHiAV BJiarocoaep- 
HtaHHCM n A t/max npn flecop 6 u]iii b BaKv- 
VMe: 

1 — ■laCdBT.iipCKilS 


BOAHOHCpaCTBOpiIMblX BeipecTB 
H iKejie3opy/i,HbiH KOHuenTpax 


meexB (pHC. 2). B Kaqecxee 
OpajiHCb qacoB-bSipcKaH rjiHHa 
Fe304. 

Ko^anqecxBo aacopSmioHHo-CBHaaHHoft boah qaeoB-bnp- 

CKOH rjiHHbi no H3MepeHH5iM paajiHnHbix aBxopoB KOJie6jiexcH ox 
6,4 ao 6,8% [3], noaxoMy xenjioBOH 34)(})eKx, iisMepeHHbift HaMH 
ir npeflcxaBJieHHbiH na pnc. 2, b nnxepBavie BJiajKHOcxen ox 0 n.o 
1,5%) oxHOCHJicH K MOHOMOjieKyjinpHOH a;i,cop6miH. JlimeftHbiH 
xapaKxep saBHCHMocxii Af/maxH ^0 nojixBepa<;iaex cnpaBej.jm- 
BOCTb (})OpMyJIbI A^yjnax = ^^A/TTFo li YKaSblBaex Ha nOCXOHHCXBO 
A// npn oSpasoBaHHH mohoc,iioh. 

KojiHMecxBo an,cop6mioHHo- 



CBHSaHHOH BOflbl nopoiUKO- 

o6pa3Horo Fe 304 hs Jinxepaxyp- 
Hbix jiaHHbix HensBecxHO, no3xo- 
My OHO 6bKno onpeAeneno no 
naoxepMaM aacopOunn. Pacnex 
noKaabiBaex, qxo oSpasoBaHne 
MOHOCJIOH BOTlbl saKaHHHBaexcH 

npii B.iarocoaepJKaHHHx nopna- 
Ka 0,4 — 0,5%. SaBiiciiMocxb 
A6%a,; ox BJiarocoaep>KaHHH a-an 
Fe 304 B HHxepBaae BnayKHoexen 
ox 0 ao 0,35% .xnneHna, qxo ro- 
BopHx o nocxoHHCXBe A//; npn 
OoabuJHx BaarocoaepataHHHx 
naex oSpasoBanne noancaon, 

OHO conpoBOHvaaexcH ySbiBa- 
HiieM yaeabHOH SHxaabnnH. 

• BoanopacxBopiiMbie Beuiecx- 
Ba npn BaarocoaepjKaniiHx, npe- 
Bbimaiouinx necKoabKO aecaxbix 
nponeHxa, oCpaayiox nacbimeH- 
HblH paCXBOp. SaBHCllMOCXb MeHv- 

ay AL^mg,- H BaarocoaepHOHHeM aan aMMnaqHon ceaiixpbi 
NH 4 NO 3 B HHxepBaae BaaHCHocxeft ox 0 ao 1 % (piic. 3) c 6oab- 
moH xoqnocxbK) Moacex Obixb npeaexaBaena aHHeflHbiM aaKOHOM. 
TaKHM oSpasoM, paoxBopeniie ceanxpbi nponexoanx npn noexo- 
HHHOM bJi. 

J],aH KCl B iiHxepBaae BaaxocoaepacaHHn ox 0,03 ao 0,1 7o 
aaBHCiiMocxb Me>Kay n Wq xanace npeacxaB.naexcH aiiHeft- 

HbiM aaKOHOM H BbipaJKaex nocxoHHCxBo aHxaabnnn npn pacxBO- 
peHMH. B HHxepBaae BaarocoaepjKaHuft ox 0,0 ao 0,03% saBHCH- 
Moexb Af/nnx ox BaarocoaepzKaHHH caoa^Ha n iiMeex xopomo Bbi- 
paaceHHbiH mkhhmam: 34)4)eKx oSpaaoBaHiiH MOHOcaoH conpoBOJK- 
aaexcH BbiaeaeHiieM xenaa. Rpn BoannKHOBeHim noancaoeB Boaw 
B Haqaae paoxBopenna snaK xenaoBoro 3(|)(J)eKxa iisMeHHexcH na 
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PiiG" 3 . SaBiicHMOCTb MejKAV B,iaro- 
coj,ep>KaHiieM ii A f/max npn ae- 
cop 6 miii B BaKvysie: 

J — NH4NO3; 2 — KCl 
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npoTHBono-To^HbiH. B iiHTepeavTe Baarocoa,ep>KaHHii or 0,015 ao 
0,030 7o HMeex Mecxo ojiHOBpeMeHHoe cymecTBOBaHiie o6,nacxeH 
MOHOMo,ieKy,nBpHoft aji,cop6mni ii o6,iacxeH HacbiiueHHoro pacx- 
BOpa, npii 3XOM AH MennexcH cKaMKCM. noj,o6HbiH xapaKxep sa- 
BHCHMOcxn AUmax OT ^ 3-^5^ Ma^bix B,Ta rocojiepaiaHHH 6bia no- 
.lyrjeH H Ha JipyrHX Maxepiiaaax. SHaqeHiiB BJiarocoii,ep>KaHiiM 
B SKCXpeMaJIbHblX XOMKaX KaK ;X7]H BO,lHOpaCXBOpiIMbIX, XaK II 
BOJtHOHepaCXBOpUMblX SemeCXB Jiaiox B03MOH<HOCXb paCCMHXaXb 
BejiHHHHy yae,xbHOH noBepxHocxH aflcopOeHxa. BKcnepHMenxajibHo 
noayqeHHbie saBuciiMocxH Mea^y AU^ax ” HawajibHbiM BJiaroco- 
.T,ep>KaHHeM noj]oa<eHbi b ochobv Mexo/ia onpe,xe,xeHiiH Ma.xbix 
BosMOXiHocxeft. OnHcaHHoe b paOoxe BaaroMepHoe ycxpoflcxso 
npom.xo ycneiiJHO .oaOopaxopHbie ii npoMbiiiiaeHHbie HcnbixaHnsi. 

OSosHaneHHn 

H' — 3Hxa.xbniia cboOgjihoh Bo;i;bi; //„ — ^HTaJibniiH bo^IH 
B MOHOc;ioe; //p — SHxajibnHH pacxBopa; H ^ — SHxajibnHB cyxoro 
BOSAyxa; i/M'— HSMeneHHe .viaccbi jkhakocth; dM ^ — iiSMeHCHHe 
Maccbi Bosjiyxa; W - BJiaroco;iepiKaHHe; — Haua^bHoe B,;iaro- 
coiiepacaHiie; — Teii,xoTa, Bbije.xaioinaHCB npH AecopouHn; 2r— 
mnpHHa peHTpajibHofi njiacxHHbi; m, n, s — HH^ieK'cbi; i?o — Ha- 
HajibHoe conpoTHB,/ieHne AaTHHKa xeMnepaxypbi; p — xeMnepa- 
xypHHft K03(jD(j3Hi].HeHx conpoTHB.xeHHH; U — HanpaaieHiie Ha 
Bbixo;ie HSMepiixe.iH conpoxHBJieHna; £„ — saeKxpoABHiKyiuaH 
CH,aa HCTOHHHKa HHTaHHa IISMepHXe.Xfl COIipOTliB.XeHHH; Z„f 5 — 
oOoOmeHHoe conpoxHB^xeHiie HSMepuTeaa conpoxiiBJieHHH; t), 
C, 2 ? («,„_] ) — nOCTOHHHbie B€,XIIHHHbl. 

.1 H T E P A T y P A 


2. A. B. J1 bi K o B. TeopiiH TenaonpoBoanocTii. rWTTJI. 1951. 

3. O, H. O B q a p e B K o. riiapcKjjii.ibnocTb r.nm n r.inmicTbi.x 
H.sa. .AH yCCP. Knen. 1961. 


JI. n. O.IOUOBCKHH 

METOA PACHETA MAKCHMAJlbHOH AACOPBUHOHHO« 
BJIAEOEMKOCTH nOHB H rpyHTOB 

HsBecxHo. Hxo B pe3y,ibxaxe BsanMOAeflcxBHH boabi c iioBepx- 
HocxbK) XBepAOH 4>a3bi AHcnepcHbix CHCxeiti Hacxb BOAbi aAcop6n- 
pyexcH Ha noBepxHocxii h npnoOpexaex oxAHHHbie ox cboSoahoh 

BOAbI CBOHCXBa. 

3x3 Macxb B.JiarH CBasana CHAaAiii npHXHJKeHUH, hc-xoahiahmh 
oi noBepxHocxH noHBeHHbix HacxHU, oSAaAaiomHx SAeKxpocxaxii- 
MecKii HeHacbimeHHbiMH HOHaMH, CHAaMn BaH-Aep-BaaAbca, a 
xaK>Ke CHAa.MH npnxHJKeHHH Mea^AV copOnpoBaHHbiMH li cbo6oa- 

HblMH -MOAeKyAaMH BOAbI. 

ripn opiieHxapHH MOACKyA BOAbI y xBepAOH noBepxHocxH npo- 
nc.xoAHx iix 6oAee nAoxnan ynaKOBKa, xaK mxo naoxHocxb cbh- 
SaHHOli BOAbI SHaHHXeAbHO Bbliue, HCM CBOOOAHOH. 

A. PaKOBCKHH H fl. riOAHHCKHH [5] OnpeACAHAH HAOXHOCXb 
CBBsaHHOii BOAbI KpaxMaAa HcxoAH H3 npeAnoAOJKeHHH, Hxo npii 
^axHH ciicxcMbi KpaxMaA + BOAa OKHMaexca xoAbKo BOAa. 
riAOXHOCXb npiIHIIMHAaCb A2IH CBoOoAITOH BOAbI 0,9991, a AAH 
KpaxMaAa 1,4362, HAoxHocxb cBHaaHHofi boah BbimicAena ox 1 23 
AO 2,45 e/cM^. 

ABxopbi iioAaraAH, mxo iiSMeHeHiiH cbo6oahoh boabi npii 
iiepe.xoAe ee b CBBaaHHyio He hbahioxch hhcxo (j)ii3imecKHMH, 
a npeAcxaBAHiox coOoii pacnaA noAiirHApoAeii n ynopHAonenHoe 
B03M0JKH0 KpiicxaAAHHecKoe, pacHpeAeAeHiie moackva boam b 
npocxpaHcxBe. 

BaH-JIaap [7] noACHiixaA, hxo peaKUHH (HaO), - > 2 H 2 O conpo- 
Bo>KAaexcH C/KaxiieM', pasHbiM 8,44 cm^ na 18 e. vBeAnmiBaiomHM 
HAOXHOCXB BOAbI AO 1,71 e/CAV^. 

no noAcqexa.Ai n. H. AHApHanoBa [3] npii AnaMexpv 3 MOAenyA 
BOAbI B 26,4 • 10-^ CM HAOXHOCXb OAHOMOAeKVAHpHOrO CAOH paBHa 
1,6 e/cM^. ' ^ 

M. B. qaneK [6] aah HccACAOBaHna haoxhocxh aAcopOiipoBan- 
^H nOHBOli BOAbI BOCnOAb30BaACH nHKHOMexpiiqeCKHM MeXOAOM. 
noAyneHHbie hm AaHHbie aah AByx hohb h hocavaviiaii oxnpaBHbiM 
rivHKxoM iiSAaraeMoro hiukc pacnexa. 
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rio .laHHbiM M. B. HaneKa HaMH obijia nocrpoeHa SMniipiiqe- 
CKan SaBHCHMOCTb MCTK/iy ycpe^HeHHOH n.lOTHOCTbK) Bcero o6t3- 
BMa CBHSaHHOH BOJlbl H 66 KO.IHqeCTBOM B BH^e 

d„ = A exp (— mP") + ] . (] ) 

KaMeHHO-CTeiiHoro qepHoseMa (JiopMv.ia ( 1 ) npiiHH.viaeT 

BHil 

- 1,186 exp (—0,322P°''^) ^ l, (9) 

a ajiJiiOBHajibHoro cyrjiHH- 

Ka (MocKOBCKan 06 ,/iacTb) - 

= 1 + 0,733 X 

Xexp(— 0,481P^’'^) . (3) 

Ha pHcyHKe npeAcxaBJie- 
Hbi yKaaaHHbie saBHCHMOcxH 
(1) H onbixHbie AaHHbie M. B. 
Hanexa. OxKJioHeHHe axcne- 
pHMeHxajibHbix xoqex He npe- 
Bbimajio ±1,5%- 

Od-beM aAcopdiipoBaHHoft 

Bjiarn iraxoAHM 113 cooxho- 

lUeHIIH 


dn 

^ P 

^exp(— mP")+l 

npOAH4)cJ)epeHu,HpoBaB o6e 
qacxH ypaBHCHHH, noAyqnM 

^ exp {mP'^)[A -r AmnP'^ 4 - exp 
-f exp (niP'^)f 

H.lll 

dP ^ [■/4 + exp (mP"}]- 

dV exp (tnP'^) [A + AmnP'^ + exp (a/zP")] 

OopMyjia (4) vKasbiBaex Ha saBHCHMocxb hjioxhocxh npoHHo 
cBHsaHHOH BOAbi (dPjdV) B HpeAejibHo MajioM ee oOteMe ox ko- 
.iiiqecTBa aAcopSiipoBaHHoft boabi (P), npeAiiiecxByK)ui,ero o6pa- 
30BaHHK) o6-beMa dV; saBHCHMOcxb cnpaBCAAiiBa xoabko a-^h 
AH(|)(|) y3HOrO CAOH CBHSaHHOH BOAbl. 
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SaBHClIAIOCTb n^IOTHOCTH CBHSaHHOH BOAW 

OT ee coAepacaHHH P: 

ycpc;iiieHHaa njioTHOCTb aflcopSHpoeaHHoii bo;ii>i 
d = I — KaMeHHO-cxenHoft qepnoaeM [6], 2 — 
ajijuoBiiajibHbui cyrjiiiHOK [6]; njiOTHOcrb npo^HO 

CBHsaHHoii Bo;;bi d : 3 — KaMenHO-cTennoH 

dV 

qepno30M, -4 — aji.nioBiiajibHbiil cyr,r:HHOK 


Hoaojkhb b vpaBHeHitii (4) sHaqeHue dPJdV=l d/Cj\P, noAv- 
HH-M Bbipa>KeHiie aah cooTBexcTByromeii MaKciiMaAbHoft aAcopS- 
uiiOriHoii BAaroe.MKocTii, HBAHiomencH rpaHimefi, OTxeAHKomeii 
npOHHO CBHSaHHVJO BOAV OT pbIXAO CBHSaHHOfi; 


A = exp {mPZ) (//z/zP" — 1 ) . ( 5) 

OxciOAa HaHAeM, qxo a-hh KaMeHHo-cxenHoro MepnoseMa P. = 
= 8,/7 o, a aah aAAioBHaAbHoro cyrAiiHKa Pm = 4.7%. ' 

B HacxoHiij,ee BpeMH oxcyxcxByiox KaF<iie-Aii6o Aannwe iisMepe- 
HHH HAOXHOCXH B iipeAeAbHO MaAOM oSieMe aACOpSupOBaHHOH 
BOAbi A-/ia nOHB ii rpyHxoB. 

Ho 3XOH npHHHHe noAyqeHHbie naMn KpHBbie xpeSyiox b AaAb- 
HeHuieM SKcnepuMeHxaAbHoro noAXBepHCAeHHH. KocBeHHbiM noA- 
XBepHiAeHiieM HaAejKHocxii saBHCHMocxeft HBAflexcn lix yAosae- 
xBopHx^bHoe coBnaACHHe c pesyAbxaxaMH A. A. PoAe it 
• H. AoAxoBa. AlaKCHMaAbHaH aAcopSmioHHaji BAaroeMKOcxb 
KaMCHHO-cxenHoro nepnoseMa no noAcqexaM A. A. PoAe [2] co- 
cxaBiiAa /,5%, a no AaHHbiM C. H. JIoAroBa [1], noAbsoBaBiuerocn 
MexoAOM HepacxBopHKimero ooteMa c npHMeHeHHeM caxapHbix 
pacxBopoB pasAHHHbix KOHneHxpamm, ara BeAHHUHa KOAeSaAacb 
:vie>KAy 8,16 n 11 7o. 

yCpeAHeHHyiO nAOXHOCXb aACOpdHpOBaHHOH boabi B SaBHCHMO- 
cxii ox ee coAepAcaHna b pasAHHHbix noHBax ii rpynxax mojkho 
onpeAeAHxb no CAeAyfomeft MexoAHKe. 

riHKHOMexpbi c HaBecKaMH noHBbi noMemaioxcH b cymHAbHbrii 
lUKaiJ), o6e3BOACHBaK)xcH npH xeMnepaxype 379 — 378° K h Aasae- 
HHH napoBosAyiuHOH CMecH 1400—1450 h / m -. 

riocAe OKOHqaHHH npopecca cyuiKH nnKHOMexpu sanoAHHioxcH 
HeaACopgupyiomeH AcnAKOcxbio (xoavoa, 6eH30A) . SameMAeHHbift 
BosAyx H3 nop HaBecoK yAaAaexcH BaKyy.M-HacocoM. VAeAbHbiH 
Bee aScoAioxHo cyxon nonabi nsMepnexcH no (fiopMyAe 

d: = p, [y, - p,dy'j-'. 

BbicymeHHbie naBecKii b niiKHOMexpax VBAaAiHHioxca Ao nsBe- 
exHoro^ BOAOcoAepjKaHHH no Becy, nanoAHHioxcH HeaAcopSnpo- 
BaHHOH A<iiAK0CXbK), yABAHexcH sameMAeHHbiH B03Ayx H3 nop 
aAcop6eHxa h if3MepaeTCH yepeAHeHHaa nnoxHoexb aAcopSnpo- 
BaHHOH BOAbl CAeAyiomiiM o6pa30M: 


d„ = P 


Pi 

do 


Po 

do 


05o3HaHeHH51 

~ yepeAHeHHaH haoxhocxl CBHsaHHofi boabi; P — eec aA- 
copSnpOBaHHoft boabi; V— oO-beM aACOpOHpOBaHHOfl BOAbi;A,A7z,/z— 
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K034)4)HmieHTti, 0iipe;i:ejHK)mHecH MiiHepji.iornqecKiiM ii xiiMit- 
MecKii.M cocTaBOM iioqBorpyHxa; — y:ie.ibHbiii bcc aSco^riOTHo 
cyxofl noHBbi; Pj sec cyxofi HaBecKn; V ] -oo-beAi nuKHOMCTpa- 
Pi— Bee HeajicoponpOBaHHon HcnaKOCTu; t/o — n.iOTHOCTb Hea,a- 
copoiipoBaHHOfi >KiLiKocTii; Pi> — Bee HeaaeopSiipOBaHHOil }kh,t,- 


.'I H T E P A T ^ ■ P A 


ero pery.mponaHJic. Haj. AH 


J. A. A. Po;u'. no'iiieHiiaH n.iara. ILu. AH C'.CCP. 

2. A. A. Poae. Bn.uiwii peH<iiM no'ii 
CCCP, 1963. 

3. n. H. Aii,ipna]ioB. CiwaaMHaH noaa iiomb ii rpvnroB. Tpvabi Hn-Ta 
-MepaaoTOBeaemiH, t. III. 1946. 

V- 3^ 193^ ^ cnoiicTBa tohkiix c.ioeB >kiukocth. >K0X. 

5. A. H. PaKOHCKHii h II. K. H o .i a a c k ii ii. Oiipeae.ieEiiie vaeabHoro 

licca nopouiKOofipaaHu.x seiuecTB. Ail’ 2 . 1931 . 

6. M. B. ManeK. Co. «Oii3iiKa robb CCCPx. Ce.abxornu 1936 

7. y. Laar. Zl. Pliy.<. Ch.. As 1. 1899. 


B. M. KASAHCKffn 

yjlEJlbHAH TEnjlOTA MCFIAPEHHJl BJIAEH 
H3 rJlHHHCTblX MHHEPAJlOB 

r.TiiHbi, cocToamiie ns pas.iimHbix .Mnnepa.ioB. iniipoKo npn.Me- 
H5IIOTC5I B HapOJ.HOM XOSHHCTBC. Ohii HB^THIOTCB TlinimHblMH KO.l- 
.ion.AHbiMii KaniKinapHonopHCTbiMH Te.aaMiE cnoco6HbiMn y^ep- 
yKHBaxb 6o.Tbimie KOAnnecTBa Kan aa,cop6iipoBaHHofi n riirpocKo- 
nimecKOH Baani, xaK n ocMoxnqecKii cBasaHHon boaw. FIosxomy 
onpeAe.xeHiie yAe.ibHofi xenjioxbi iicnapennH B.iani iis pas.xnnHbix 
r.iHH npe/xcxaB.xaex SHannxe.nbHbin HavnHbift n npanxmiecKiin hh- 
xepec. 

B KanecxBe oa-beKxoB iiccjieAOBaHHji Sbmii BbidpaHbi nbi>KeB- 
CKHH SeHTOHHx, qepKaccKHH najibiropCKHx, nacoBTsHpcKaa moho- 
xepMHXHan rniina n MiixanoBeuKnn ra.iayasnx (xao.x. 1). 


T a 6 a II 11 a 1 

XapaKTcpHCTHKa HccaeAOBaHHUx tjihh no [1— 5J 



A>iiM><-‘pi--HUiia,ibHoe B.iaroco;iepyKaiiiK’, % 

----- 

HaOyxamiM 

K<xinHecTiJu 
nirpocKoiui- 
MecKOi'i B.iarH 


a;;coixiiipoBan- 

MOIKiC.lOH 

ribl/KeBCKliii OeMTOHIIT . . 

83.8 

46,6 

20,3 i 

14.0 

•-lepKaccKiiii iia.ibiropcKiir 

92, U 

49,6 

14.1 1 

8,' 1 

MacoBBsipcKasi r.iiina .... 

51.4 1 

I 15,0 1 

7.0 1 


.Miixa.xoBenKiiii ra.i.iya.iiiT 

37,7 

i 

9.8 

4.0 I 

2. i 


Us xa6a. 1 biiaho, mxo BOAoyAep>KnBaK)mne cBOiicxBa BbiSpaH- 
Hbix r.niH snamixeAbHO ox.ximaiOTCH. 

Onpej,ejieHne yAe.xbHbix xenjiox iicnapeHiiH BAani ns r.inH 
ipnc. 1) obi.xo nposeAeno npn xeivinepaxvpe 61,5° C no Aiexo- 

.iHKe [6], 

i Bcex iiccaeAOBaHHbix mnn c Hana^xa cyuiKii ao siaKcii.MaAb- 
Horo B,xarocoAepn\aHHH naSyxanHH nponcxoAHT ncnapemie ns- 
obixKa CBoQoAHoii boabi. SaxeM ao B,iarocoAepH<aHnH, 6AnsKoro 
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K MaKCiiMa.ifaHOMy rnrpocKonimecKOMy. jicnapsiioTCH iimmoSikiii- 
30BaHHaH BOjia ii ocMOTii^ecKii cBHsaHHan BJiara. y^tejibHan ren- 
aora ncnapeHiiH stoh B.nani b npejiejiax norpemHOCTH onbixoB 
(oKono 1%) ocTaercH paBHoft xen./ioxe PicnapeniiH cboSotihoh 
Boabi. 3xox pesy.ibxax, no.3yqeHHbift panee ;i,jih jibvx rniiH [7], 
a xaK/Ke KpaxMajia ii HvejiaxiiHbi [8], xopomo corjiacyexca c 
npe/icxaBJieHPiBMii o6 SHxponiiHHOM xapaxxepe ocMoxHMecKoii 
CBB3H B.xani [9]. Ox Baaroco;iep>KaHH5i, 6jiH3Koro k MaKciiManb- 



Pjic. 1. SaBiiciiMOCTb yaeabHofi Ten.ioTbi ncnapeniiH B.iarii L 113 r.iiiH 
OT BJiaroco;i,ep>KaHHH W', “/o: 

I — iibi>Kt.'BCKiiH oeHTOHHT; // — vepKaccKitii na.ibiropcKHT; ///— 'jacoB-bapcKaa 
r.iiiHa, /f — Miixa^noBeuKHii ra.ioyaaiiT. BepTHKa.ibHbie uitphxh — MaKciiMajib- 
Hbic B.iaroeMKocTH: I — HaMOKanna; 2 — rnrpocKonH>iecKofl Bnarii; 3 — aacop- 
OiipoBaHHoii B.Tani; 4 — aacopdHpoBaHHoft Bnarn mohocjioh. ropnaoHraab- 
Hhie inrpiixn — renaora iicnapeHiia 'cBoSoaHOfi Boaiii 


HONiy riirpocKoniiHecKOMy, yaejibnan xenjioxa iicnapeHUH BJiani 
HaHHHaex Bospacxaxb c yivieHbmeHHeM BjiarocoaepH^aHHH, hxo 
CBHA exejibcxByex 06 HSMeneHMn (^HsnqecKoro cocxobhhh cncxeMbi: 
HByx(|)a3HaH CHCxeMa rjiHHa — BOjia nepexoflHX b xpex^aanyio 
ciicxeMy miiHa — Bo/ia — B03;;yx. B axiix ycjioBHHX Hcnapeniie 
BjiaxH npoHCxo/iiix c noBepxHOcxH Bornyxbix MeHHCKOB, KpnBH3Ha 
Koxopbix HenpepbiBHo Bospacxaex b cbh3h c npoAOJUKaiomuMCH 
npii cyuiKe OKaxiieM ciicxeMbi h yMeHbineHHeM ee BJiaroco;i.ep>Ka- 
HiiH. TaKHM o6pa30M, yqacxKH KpHBbix pHC. 1, orpaHHqeHHbie Bep- 
XHKaJIbHblMII mXpHXOBblMH JIHHHHMH 2 H 3, cooxBexcxByiox Hcna- 
peHHio BJiani h 3 MiiKpoKanHJiJisipoB nopHcxofi cxpyKxypbi xjihh. 

B [10] noKasaHa bobmohchocxb anajiHXHqecKoro pacqexa 
ya,ejibHOH xenjioxbi HcnapeHiiH BJiarii 113 KanHJiJinpoB xpynKiix 
re.ieH na ocHOBaHHH ;iaHHbix 06 hx nopHcxoH cxpyKxype. JXjih 
pacqexa y^e.ibHofi xenjioxbi iicnapeHHH BjiaxH h 3 miiH, nopHcxan 
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cxpyKxypa Koxopbix liSMCHHexcH npii cymne ii yBaa>KHeHtiii, hc- 
o 6 xo 71 hmo yqecxb ne xo.nbKO iisMeHeHne yAe^TbHofi noBepxHocxn 
/khakocxh b KanH.n.iapax 11 iisMeHeHHe aaBaeniiH napa ir BxnaKO- 
cxH, KaK 3X0 Sbijio c;i,ejiaHo b [10 ], ho xaKHxe ii iiaMeHeHiie ,xaB.ne- 
HUH xBep/ioH (J)a3bi r.iHH B npoLiecce HcnapeHiin B.iani. 

C yqexoM asjiojKeHHoro usMeHeHtie BHyxpeHHefi SHepniii dE 
ciicxeMbi npii HcnapeHHH dm^ B,iarn: 


dE = — u..) dm.. -4- m.. | j dp., -f 



CooTBexcxBeHHO yiienbHaH xen./ioxa ncnapeHiiH 



ypaBHCHHe (2) oxnnaaexcH ox cooxBcxcxByioiHero ypaBHeHiin 
B [10] xojibKo HajiHHHeM nocjieziHero q.xeHa, VHHxbiBaiomero H3Me- 
HCHHe BHyxpeHHeS SHepruH xBep^oft 4)a3bi c HSMenenHeM aasjie- 
HHH, Koxopoe BOSHHKaex B CBH3II C CTKaXIICM SJiaCXMHHblX KaniM- 
.THpoB KOJijioHAHoro Ka nHJiJiHpHonopHcxoxo xejia npn cyuiKe. 

^xo6bi npHBecxM (2) k y^oOHOMy ajin pacqexoB BH^y, ero 
KeoOxo^HMo npeoSpaaoBaxb. axoro HyncHo CBHsaxb Maccy 

nojiBepraeMOH OKaxuio xBepAOH ^lasbi h ^aBjiCHHe ee c B.xaro- 
coAepjKaHHeM h nopHcxoft cxpyKxypoH xejia. 

^ Koji,40H;iHoe KanHjiJiiipHonopHcxoe xejio c nor„nomeHHOH B^ia- 
roH npii Bcex BjiarocoAepscaHHHx Haxo;iiixcH b MexanunecKOM 
paBHOBecHH c OKpyjKaromeH cpejioft. 3xo bosmojkho xojibko npn 
ycjioBHH, HXO ;i,aBJieHHe pacxHXHBaiomHX ch,x, AeftcxByiomHx Ha 
>KH;iKocxb CO cxopoHbi BOFHyxbix MeHHCKOB, ypaBHOBeuiHBaexcH 
AaBjieHiieM, cH<HMaKDUi,HM xBepjiyK) (Jiaay xejia, x. e. 

Ps=—P- 2 - (3) 

BejiimuHa Maccbi xBepaofi ^^asbi, no^BepraeMOH CHcaxino, 3 a- 
BiiCHx ox Bjiarocoj.ep>KaHKH xejia. B naqajie HcnapennH, Koraa 
Bce MHKpoKanHJiJiHpbi aaiiojiHCHbi BJiaroH, qxo cooxBexcxByex 
nojiHOH BjiaroeMKOCXH rurpocKonHqecKoro cocxohhhh xe,xa, cjKa- 
XHK) noAsepraexcH bch xBop^an (Jiaaa xejia. Saxen b cbh3H c 
yrjiyOjieHHeM 30Hbi HcnapennH h yMeRbiueHneM o6x.eMa BJiarn ko- 
aimecxBo CH<HMaeMOH xaep^ioH ([lasbi yMeHbuiaexcH. B nepBOM 
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npii 6 .nH>iveHiiii moh<ho iipuHarb. hto ee BenimiiHa iiponopuuoHa.ob- 
lui KoniiqecTBy nomouieHHOH renoM B.iarn. t. e. 



(4^ 


noiicTaB.i^H (3) II (4) B (2), nocne pHTia npeoopasoBaHiiu, 
iis.iOKeHHbix B [10], noavBae.M 


. ■ 2op, pc>,^(r-u;,) dr ^ 

/- dW ‘ 


- (I -T y) 
2v..,z (U '• - iv;,) dr 


2iuc 


( T 7:, H- 


2 a®.. 


U/’p- 


dW 


= U ~ A]Z. - AoL + A;,L -i A,L. (5) 


riepBoe cnaraeMoe /-o npe^tCTaB.iHex co6oii reiiaoTv iiciiapeHiiH 
CBOOOP.HOH Boj,bi; BCTBepToe BbipajKaer npupocT Yjie.ibHOH xeruio- 
1 bi licrrapeHiiH, BbisBaHHbiH yBCJiH^eHneM vTicjibHoft noBepxHocTii 
>kiizikoctii b KaniM.tiHpax; Bropoe h xperbe c.xaraeMbie npeTicxaB- 
.x5iK)x coSoii qacxb yjtejibHoft ren.ioxbi HcnapeniiH, Koxopaa saBii- 
ciix ox ii3MeHeHiiH jiaBaemisi >khji,kocxh ii napa b Kanujuiapax. 
H, HaKOHeu, iioc.xeji,Hee BbipaHcaex npupocx y^teabHofi xen.ioxbi 
ncnapeHHH, BbisBaHHbift cjKaxueM xBepjtofi (fiasbi xe.aa c iisMene- 
Hiie.Ai ero B.iarocoziepjKaHHH. Ibkhm o6pa30M, cJjopMv.ia (5) ox.xii- 
MaexcB ox cooxBexcxByiomeft ^opMy.Tbi b [10] jian xpynKiix renen 
Ha.ximireM noc.xeji,Hero MJieHa, ymixbiBaiomero jietJiopMamiio no- 
piicxofi cxpvKiypbi Ko.i.xon.iHbix Kanii.i.THpHonopiicxbix xen b npo- 
uecce Hx cyinKH. 

Ho (5) 6bbxa paccmiraHa ype.xbHaH xen.xoxa iicnapeHiiB B.xani 
113 a.xacxiiMHbix KanujiJiBpoB ucc.iepoBaHHbix x.xhh npii paanbix 
B.iaroco;iepH<aHnHx hx. Bee Be.xnHiiHfai, xapaKxepiiaviomHe cboh- 
cxBa BOAbi 11 xBeppoH (})a3bi obi.xn BSHXbi h 3 [H, 12]. Pa.mi- 

ycbi KpnBii3Hbi jvieHHCKOB B.xarii, xapaKxepH3VK)miie MeHHiomyioca 
B npouecce cyuiKn nopncxyio cxpyKxypy r'xiiH, Haxo:HbXHCb no 
nsoxepMaM aecopOpnH napoB Bo.ibi c noMOiubio (})opM\\xbi Tom- 
coHa. HsoxepMbi j,ecop6miH Sbinn aaiiMcxBOBaHbi 113 [2, 3]. Pe- 
ay.ibxaxbi pacnexoB npejicxaB.xeHbi Ha piic. 2. 

PI 3 pile. 2 BiijiHo, HTo paccHHxaHHfaie II H3-AiepeHHbie BeniimiHbi 
yne.TbHoii xenaoxbi HcnapeniiH Bnarii noexaxoMHo xopomo coBna- 
aaiox 3ie>Kiiy co6oii. 
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ripiipocx \7i,enbHOH xennoxbi iiciiapeHiiB B.xarii (xaon. 2) onpe- 
JienHexcH b ochobhom yBenimeHiieM yaejibHoii noBepxHocxii tkiit,- 
Kocxii B Kaniinnnpax (iiexBepxoe cnaraeMoe (5)). Hpiipocx 
xeikioxbi iicnapeHiiH, cBHsaHHbin c HaMeneHiieM naBneniiH jkiijiko- 
cxii II napa (Bxopoe ii xpexbe cnarae.Mbie), nponopmioHa.xeH cko- 
pocxii HSMeHeHiiH paniiycoB KpiiBiianbi MeniicKOB Bnarii c Baaro- 
coaep>KaHiieM d 2 ldW n oSpaxno nponopunonaaen KBa.ipaxy pa- 



ne. SauiieiiMocTb yvie.ibnoij Ten.ioxbi iicnapemiH B.iarii L 113 miikdv)- 
banii.n.THpoB r.'inn oj u.'iaroco.iep/KaHnsi IV’. " n (lUTpnxoBbie .iiiHiin — 
riepiiMeiiTa.ibii^ .xanHbie; cn.ioiiiHbie — paccnuxanHbie ana'ieHiiH) . 
Oi>o 3 Ha 4 eiiiia xe /Ke. hto 11 na pnc. 1 

n,ii\ca KpHBii3Hbi MeniicKOB Bnarii. B nana.ie iicnapeHiin B.iani 113 
MiiKpoKa nii.'i.ifipoB Be.niiMiiHa 1/x- xiana, Bc.xeacxBiie nero Ma.x ii 
cooxBexcxByiomnn npiipocx y.ienbHon xen.ioxbi iicnapeHiin. FIpii 
yMeHbuieHiiii B.Tarocon.ep>KaHiiH l/r^ Bospacxaex, ho ojHOBpeMeHHo 
V.MeHbniaioxcH drJdW ir KOcXimecxBo B.narn, no,iBepraeMoft paexa- 
Hveniiio. HoaxoMy cooxnexcxByiomnn npupocx xennoxbi iicnapeHiin 

T a 6 .1 II u a 2 


YflejibHaH Ten.iioTa HcnapeHHn i\0—^dMc.KZ) BJiarH 
H3 MHKpoKanHa.iiflpoB 4epKaccKoro naawropcKHTa (5) 




dr 

w ■ - 

A,A 

\,L 


Y; al 







1 . 3.-1 

K) 

.530.0 

46,8 

.3 

6 

0 

9 

.35 

184,0 

21,0 

4 

17 

0 

1 

21 

.30 

104,0 

i 1.0 

4 

30 

35 

28 

85,0 

9.0 

,5 

36 

j 

42 

26 

24 

67.0 

.55,0 

. 5:8 


46 

57 

[ 1 

1 

1 52 

' 63 

22 

46.5 

5.2 1 

6 

67 

2 


20 

.36.7 

4,2 j 

7 

85 

3 

95 

18 

29,0 

4,2 

9 

109 

4 
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Ha BceM IiHTepBa.^e BJiaroco;iep7KaHHH ocraercH MacibiM no cpae- 
neHHK) c npiipocTOM, onpejie.nHeMbiM qexBepTbiM c.iaraeMbiM. Be- 
.aiiHHHa nn'Toro cjiaraeMoro, xapaKTepHsyKJmero Ten.xoxy, saxpa- 
MHBaeMyio na ^etJiopMamiK) xBepAOft cfiasbi xejia, eme MeHbuie. 

JtpyXHX HCCJieAOBaHHblX (pHC. 3) FJIHH COOXHOUieHlie Me>K- 
;iy oxTte.ibHbiMii q.ieHaMn 4)opM\\nbi (5) hochx xaKOfl >Ke xapan- 

xep. Oho, kbk n pesyjibxn- 
pyiomaa MOHoxoHHaa Kpii- 
Bayi saBHciiMocxn xenjioxbi 
iicnapeHiia ox Bj]aroco7i,ep- 
TKaHHH, aB,iHexcH XHnim- 
HblM Jiaii paSHOpO/lHOnOplI- 
CXblX Xe.T. K MliC,iy KOXOpbIX 
OTHOCHXCH II milHbl [2], 

Hs piiC. 3 BIIJIHO, HXO 
3KcnepHMeHxa,j]bHbie xomkh 
a.iH Bcex miiH ;i,ocxaxoM- 
Ho xopomo‘'tTOH<axca na oj- 
Hy KpuByio. HecKo,xbK() 
xy;:],iijee coBnajieHHe ;iaH- 
Hbix qepKaccKoro na- 

JlbirOpCKHXa, nO-BHAHMOMV, 
CBHsaHo c Ha,inqHeM b ero 
cxpvKxype ueo,XHXHOH BJia- 
rn [13], HcnapeHiie Koxopofi 
xpeSyex jono.iHiixejibHofi 
aaxpaxbi xen,na. 

Cneiiyex ox.Aiexiixb, qxo 
xaKoe coBnaaeHiie KpHBbix 
;taex BosMOH^HOcxb npnSjiH- 
HveHHo paccqHxaxb yjiejib- 
Hyio xennoxy HcnapeniiH 
a,zi,cop6HpOBaHHOH BJiarii ;ipynix miiH. JXjih axoro hcoSxoah- 
^XHAIO JIHLUb 3HaXb M aKCHMa,?IbHOe KOHHqeCXBO a/lCOp6npOBaHHOH 
BaaxH, nomomaeMoe x^thhoh (ee rH,xpo4)H.ibHocxb) . 


lO'^diK/K 






k 


0 - / 

^-3 

□ -4 


8 1 

5 



% 



— 
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— 



OM 

Pno. 3. 3aBiiciiMocTb y.ieabHoii Teii.io- 
Tbi licnapeHiiH aicopdiipoBaHHofi b,ii- 
ni L t)T oTHOCHTejibHoro B.iaroco.iep- 
^KaHHH W/Wq. 

1 — iii.i>KencKiiii Ochtohiit: 2 — 'icpKaccKiiii 
iin.Ti,iropcKnr; 3 -- vacoB-bsipcKaH r,TnHa; 4~ 
MHxa.iOBCUKHii ra.inyasHT. ropii30HTa.nbUbio 
iiixpiixH — TcnnoTa HcnapcHna CBo6oa,HOH 
Boaw 


t' — y;ieJibHbiH oS-bew; r — pa,aiiyc KpnBiiBHbi .vieHiiCKOB BTiarii; 
W — BJiarocoAepTKaHiie; IF,,, — MaKcnMajibHoe KO,iHqecxBO aAcop- 
6HpoBaHHOH BaaxH mohoctioh; — MaKCHMa,ibHoe Ko^iiqecxBO 
nirpocKonnqecKoft BJiarn xejia. 

HHAeKCbi: 1 oxHOciixcfl k napy: 2 — k jkhakocxh: 3- 
K xBepAOii (Jiase xe.ia. 
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OdosHaneHHst 

L — yAe.ibHaq xenjioxa HcnapeHHH Bviarn; Lq — VAeAbHaa xen- 
.loxa iicnapeHiiH CBo6oAHon boah; ii — yACAbHaa BHyxpeHiiaa 
BHepFHa; m-z — Macca iKiiAKOCxii; ttis — Macca XBepAofl cjoasbi xeAa, 
noABepraeMofi ca^axHio; nio — noAnaa Macca xsepAoft (^asbi xeAa; 
p — AasAeHHe; a — noBepxHOCXHoe HaxajKeHHe; to — noeepxHOCTb 
yKMAKOCxii; T — aScoAioxHaa xeMnepaxypa; a — xeMnepaxypHbift 
KOscjicJiHUHeHX paciiiHpeHHH; p — HSOxepMiiqecKaa cjKHMaeMOcxb; 
Y — xeMnepaxypHbift KOacjD^HmieHx noBepxHocxHoro HaxameHHa; 
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noTOK ren.ia qepes lisorepMuuecKvio ctjDepHqecKvro nosepx- 
HocTb B npeae.iax o^Hon qacTHpbi 

B npejeaax oaHoii qacrn- 
Ubi ii3.MeHeHiie TeMneparypbr 
HeBeaiiKo. nosTOMv .\io>kho 
npiiHHTb, qrc) renaonpoBoa- 
HoCTb nocaeaHeil nocroHHHa. 
Torja no.THoe xep.MiiqecKoe 
conpoTiiB.ieHiie qacruubi b 
ToqKe KOHTaKTa 



^ _j_ 

^ 2r>. J /■] 2- a ). 


( 8 ) 


Pnc. 1. CxcMa xenaosoro KOHxaKra 


Zlan onpeaeaeHiiH noaHo- 
ro repMnqecKoro conpoxnBae- 
HUH sacbinKii saaaHHOti xo.x- 
miiHbi HeoSxoaiiMo npocvM- 
MnpoBaxb xep.MUqecKiie co- 
npoxiiBaeniiH Bcex xoqex koh- 
^axxa B oS^beMe aacbinKn. 
--aeaoBaxeabHo, xepxniqecKoe 
ronpoxiiBaeHiie sacbinKii. ox- 
xeceHHoe k 1 m~ naomaaii; 






(y) 


r^e A ^ KOHxaKTOB b 1 m- BepTHKaabHoii nosepx- 

Hocxn; 11 = Hr KOJinqecTBO KOHTaKxoB no ropHSOHxaaH 
(yii,BoeHHoe qiicjio pn^oB qacxim). 

OojlcxaB.iBH SHaqeniie G na ypaBHeniin (5). OKonqaxenbHo na- 
xojH.M xennoBOH noxoK qepes xennoHaonauiiio. oovcnoBneHHbift 
KOHxaKXHon npoBonHMocxbio BacbinKii; 


( 10 ) 


<7k. 3= l,15it>, 7/ . A r. 

|/ hl-b- 

Hs (10) cneziyex. qxo xennoBon noxoK qepes sacbinKv man 
KHx ccJjepnqecKiix qacxim (iix KonxaKXbi) onpenenaexcH ^iisiiqe 
CKiiMii napaxiexpaMii Maxepiia.ia, noposHocxbio n reoMexpnqe 
CKiiMH pasMepaMii sacbinKii n ne saBircHx ox pasMepa qacxim. 
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.^yqIICXbIH xennoo^Men b cnoe nncnepcnoro .Maxepnana mo- 
>Kex Obixb Bbiqiic^ien, ecjiii paccMaxpiiBaxb sacbinKv ksk ciicxeinv 
BepTHKanbHbix aKpanoB. KonnqecxBo SKpanoB paBHo 2llbr. r^o-XH 
nnomann BepxiiKanbHon n.xocKocxn, aKpanupyeMOH oxnenbHWMii 
qacximaMii (aKpanoM), cocxaBiix b. Oxciona vnenbHbifi panna- 
miOHHbiH xen.xoBoii noxoK qepes BepxnKa.xbHyio'sacbinKy 


(11) 


b-s Cor 

( V 

T., yi 


\ 100 J 1 

, 100 / 


2 -/ 


CooxHOineHne .lyqncxoro ii KOHxaKXHoro xenooooMeHa b sa- 
cbiiiKe Mo>Kex 6bixb npencxaBseHo saBiiciiMocxbio 


^■■..3 + ^K. 


A = 


Qk.s 



/ T, < 

\ 100 1 

1 100 ) 


b^ C^r 


2.3-2 / Thl 

I 


-A. 




10^1.,, 


( 12 ) 


( 13 ) 


VpaBHenne (12) npencxaBneno rpa^mqecKii na pnc. 2 non sa- 
cbinKii xojimHHOH 20 MM HS cxeKJiHHHbix mapiiKOB. B npasoii 
qacxn pncynKa npuBenena saBncmviocxb KOMnjienca A ox cpenHefi 
xeMnepaxypbi sacbinKH npn necKOJibKiix SHaqenimx xeMnepaxyp- 
Hoii pasHOcxn Meacny cxeKiOMH sacbifiKii. KpaftnnH BepxHHH 
BexBb KpHBOH cooTBexcxByex ycjioBino, qxo pasHocxb xe.Mnepaxvp 
MaKCHMaobHa: AT=2T^p. Hh>kh5ih BexBb KpiiBoft oxpanoex bxo- 
poH npenenfaHMH cjiyqaft, Korna pasnocxb xemnepaxyp HeBe.xnKa: 
■'cp <100 1\. IlocxpoeHHbiH cjieBa rpa^niK naex npencxaBnenne 
o cooxHomeHHii panHamiOHHOH h KOHxaKTHOH TenjionpoBonnocTH 
B paccMaxpiiBae.MOH ciicxe.Me b saBHCiiMocxn ox paniivca qacxHu 
11 BennqiiHbi KOMnnenca A. 

9000 ^-^"^' ^ B oOnacxH HH3KHX SHaqeHiiH (no 

- u Jx) xennoooMen b ochobhom onpenennexcn KOHxaKXHon npo- 
P<2 II yMenbrnenne pasMepa qacxHu, HaqHHan ox 
0. 1 MM, Ha cy.MMapiioM xennooSMene npaicximecKii He CKasbi- 
BaexcH. TaK, nanpuMep, npn T'.p =200° K ii Ar=100°I\. vMeHb- 
ineHim pasMepa qacxim ox r=0,2 mm no r=0,01 mm cvMMapHbift 
xennoBOH noxoK yMeHbmnxcH ox 1,1 no 1,01, x. e. b 1,09 pasa, a 
npii -f cp 500 I\ H A7’=100°I\ xaivoe nee VMeHbmeHHe pasMepa 
qacxim npHBenex k yMeHbmeHnio cvwMapHoro xennoBoro noxona 
B 2,41 pasa. 
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B oSjiacTH HH3Kiix TeMnepaxvp paAHaunoHHbiH hotok Tenaa 
qepes sacbinKy OTHOcaTe.ibHO HeBejiiiK no cpaBHeniiio c 
HbiM nepenocoM. Uocjieji.BUH ot pasMepa Macrnu ne ™ 

BHJIHO H3 ypaBHeniiH (10). nosTOMV nepexoA k MeaKiiM 

nopouiKaM H yBejiiiMeHne Mnc.ia SKpanoB (pn;iOB HacT u) - ^ 
H3MeHHT Ten.aonpOBOZI.HOCTb 1130.1 nuHOHHOH sacbinKH I.o/I, 

^3to* noflTBcpjKaaeTCH 3KcnepiiMeHTaMii. TenjionpoBoaHOCTb 
sacbinKH II3 CTeKJiHHHbix mapuKOB B 

ao 1 3 hIm^ h cpeAHefi TeMnepaxypbi oko.io 300 K ocxaBa^acb 

noMXH oAHHaKOBOii npH H 3 MeHeHHH pasMepa qacxiin ox r - 14 jvtfv 

npeacxaBinex xaKHce iinxepec onpeAe.ienne yc.iOBHH, "PjJ ^o- 
TopHx aacbinKH ne Aaiox npenMyinecxB no cpaBHennio c BBKyyu- 
Hofi H 30 .i 5 mneH oea sacbinKH. Mxo Kacaexcn .lynncxoii cocxaB.inio- 
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men xen.iooo.Mena. xo ona npn HajiiiMiin sacbinKii Bceraa Menbiiie. 
MOM npn oxcyxcxBHn aacbinKii (sKpanoB). HocKo.ibKy KOHxaKxnan 
npoBojiHMOcxb npn hhskhx cpejiHH.x xeMnepaxypax npeBbiuiaex 
jiyqiicxyio, xo, oneBiijiHO, moh^ho orpaniiqnxbCH cpaBHeniieM npn 
hiiskhx xeMnepaxypax KOHxaKxnoi’i npoBOjiiiMOCxii n .lynncxoro 
xen.xoo6MeHa 6e3 sacbinKii. 

CooxHomenne Memjiy xen- 
.xoBbiM noxoKOM npn oxcyxcx- 
BHH sacbinKH II KOHXaKXHOH 
npoBojiiiMocxbio sacbinKH mo- 


H\ex obixb 

npeacxaBaeHO 3 

0 

caeayiomeM Biiae: 


P' 

_ q.-, 

075 


qK.3 



'-'a. (14) 

0.5 

~ 1,15- 

\hb- I 


KaK BH 

ano HS ypaBHCHHH 

025 

(14), oxHomeHHe qJqK.3 ^ 


OCHOBHOM 

saBHCHX ox xoainn- 


Hbi xenaoHsoanmiH (1) h xbm- 

0 

nepaxypHorc ypoBHH (komh- 


acKca A). 

OopMyaa (14) 3 

Phc. 


e>’ 6 

4 

2 

: 0 

k _ 




m 

■ 

■ 

■ 


H 

■ 

■ 


H 

m 

mm\ 

- 9 _ 



i||| 


so 


100 


Tcp 


oS.iacxH HCBbicoKHX xBMnepa- 


3. CpaBHeHiie Jiymicxoro Tenaoco- 
_ MCHa jieHCAV noBepxHocTHMii (oea aacbin- 
Tvn iTifl -aarKinKH HS cxeKJlHH- ’’ KOHxaKTHoro Ten.ionepeHoca b c.ioe 

xyp aJiH sacbinKH Ho cxeKJinn MaxepHa.i ctohok — cTa.ib 

Hbix mapHKOB npeflCxaBJiena _ 0,66). XapaKTepiicTHKa Maiepna-ia 

Ha piiC. 3 , rjie OZmOBpeMenH.O aacunKn ra Vive. MTO II Ha pile. 2 ; 

iioicaaaHa 11 saBiicriMOcxb ( 13 ). / _ j ^ x = lo; loo; 200, 300“ k-. -5 — i x = 
Hs piicyHKa bhjiho, qxo npn = 0-9-1= lo-, 20; so; 100 .«.« 

jaHHOM SHaqeHHH KOMnjieKca 

A c yBeJiiiqeHneM xojimHHbi Hsojinmiii oxHoinenne xenjioBbix noxo- 
KOB qJqK .3 Bospacxaex. BepxiiKajibHan jihhhsi cooxBexcxByex 
ycjioBHio 7 k .3 = Cnpasa ox nee aen^HX sauixpiixoBaHHan 06- 
aacxb, rae oObiqHan BaKyyMHan xenaoiisoanmisi 6oaee 3(}K|)eK- 
xHBHa, neM sacbinKa. CaeBa naxoanxcH yqacxoK, b KoxopoM 
^ji> 9 'k .3 *1 npiiMeHeHiie xenaoH3oanu.HOHHOH sacbinKH noa saKyy- 
MOM neaecooOpasHo. JIa>Ke aan oqenb xohkhx sacbinoK (xoamii- 
HOK) 10 mm) y'Me npn Beaiiqiine KOMnaeKca A Bbime 0,14 
{T^p>94° K) KOHxaKXHbiH xenaonepenoc qepes sacbinKy Menbine 
paanapHonHoro noxona xenaa qepes BaicyyMHyio xenaonsoanmiio. 
npH A, paBHOM 0,4 (7 cp = 148°K), KOHxaKXHbift noxoK xenaa qe- 
pea sacbinKy xoamiiHofl 10 mm noqxii b 3 paaa MeHbme, qeM xen- 
aonoxepii qepes oobiqnyio BaKyyMHvio xenaoHsoanmiio 6e3 sa- 
cbinKH, a npn / = 20 mm =4,8 r?K.3- 
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npHBe.ieHHbifi npiniep noKasbiBiiex, mto npii HiiSKiix reMiie- 
parypax (rcp<100°}\) npuMeHeHiie Tennoii30.TBU,noHHOH sacbin- 
Kii noji BaKyyMOM HeueaecooopasHo. B .inanasoHe xeMneparyp 
100<rcp <200° K MO>KHO peKOMCHAOBaTb sacbinKii iis othoch- 
Te.ibHo KpynHbix qacTHu ii iipuMeHeHite Me.iKiix aacTitu He onpaB- 
TiaHO. oOjiacTH noBbiuieHHbix TeMneparyp {rpp>200°K) 

npHMeHeHHe sacbinKn H3 Me.iK03,iicnepcHbix MarepiiaTioB no;i. Ba- 
KyyMOM BecbMa nepcneKTiiBHo ii aaer B03Mo>KH0CTb coa.iaTb Btji- 
coK03(][)4)eKTHBHyK) Ten.ioiiaoaauHio. 

06o3HaHeHHsi 

a — pa/tHyc naxHa KacaHHH ctJjepimecKiix Macnm; a — ko3(Jd- 
(JjHUHeHT OyaccoHa; E — moav-tb lOHra; p — AaBJieHue qacTHu. 
B BepTHKaTibHofl njiocKOCTH; Rs — sKBHBajieHTHbifl paAHyc no- 
.TOCTH sacbinKH; y — yAejibHbifl sec MaxepHaTia sacbinKn; / — 
K03(j34)HuneHT BHyTpeHHero TpeHHH; h — BbicoTa aacbioKii; I — 
TOJimiiHa sacbinKn; P — CHJia npHvKaTiiH oTAeabHoft aacTiiubi 
K coceAHeft; r — paAHyc nacTHU aacunKH; q — xen^oBOH hoxok; 
T — xeMnepaxypa; t\ — paAHyc HSOxepMHHecKHx noBepxHocxefi 
BHyxpH HacxHi];; R — xepMnqecKoe conpoxHBJieHne; >- — Koacji- 
4)HUHeHX xenAonpoBOAHOCXH MaxepwaAa sacbinKH; /..-p — xo ace, 
npH cpeAHefl xeMnepaxype xenji0H30JiHu.HH; s — cxeneHb nep- 
Hoxu MaxepHaAa sacbinKH; — K03(J)tlDHUHeHx .lyHeHcnycKaHHH 
aScoJiioxHO nepHoro xe^a; /S.T = Ti — T^, — nepenaA xeMnepa- 
xyp; Pep = 0,5 (Pi 4- P..) — cpeAHHH xeMnepaxypa sacunKii; ^k.s — 
xenAOBoft noxoK, oOHsaHHbift KOHxaKXHon npOBOAHMoexn; q^y.^ — 
xenAOBOfi noxoK, oonsaHHbift AynencnycKaHnio xepes sacbinKy; 

— AyqHCXbiii xenAOBOft noxoK; Sn — npHBeAeHHaa cxeneHb nep- 
Hoxbi cxeHOK BaKyyMHOft hoaocxh; n' — KOscJicjHtuHeHX ookobofo 
A aBAeHHH. 
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r. H. M0P030B 

O PACnPEAEJlEHHH nOPHCTOPO MATEPHAJIA 
B UHJIHHZIPHHECKOM CJlOE, nOflJlE>KAmEM CVIUKE 
C nPOAyBKOH rA3A MEPE3 CJlOH 

B xeKCTiiAbHOH npoMbiLUAeHHoc TH liiHpoKoe iipiiMeHeHiie nOAy- 
naiox npoueccbi MOKpoft oopaOoxKii ii iiocAeAytoiueH cyujKH, b ko- 
TOpbl.X BOAa HAH BOSAX'-X npOHHSblBa lOX HenOABH AtHblH UHAHHApH- 
HecKHii CAOH nepeKpemHBapomnxcH Hiixen. reoMexpiiHecKiie pa3- 
-Mepbl naKOBOK C HHTHMH BblOHpaMDXCH HC.XOAB H3 Xpe 60 BaHHli 
ocHOBHbix xexHOAornqecKHx npou,eccoB (pHC. 1). 

4xo6bi oOecneHHXb 6AH3KHe SHaneHHH npoHnuaeMocxH oaho- 
BpeMeHHO oOpaOaxbiBaeMbix UHAHHApnqecKHx naxoBOK, vexaHOB- 
AeHbi y3Kne ii xpyAHo ocymecxBHMbie npeACAbi Kan aah cpeAHero 
o6-beMHoro Beca Bcero caoh, xan ii aah oxAeAbHbix npocAoex. Ho 
npii 3TO.M coBepmeHHo ynycKaexcH hb BHAy xox (jjanx, mto naxoB- 
KH HBroTOBAHiOTCH c HeoAHHaxoBbi.M pacnpeAeAeHHe.M MaxepiiaAa 
B paAiiaAbHOM HanpaBACHHii, a 3 to BAenex 3a co6oft HeAonyexH- 
-Mo OoAbiHiie KoAeOaHHH ii.x npoHimaeMOCTii, HepaBHOMepHoexb 
H 3HaMHTeAbHoe yBeAHMCHHe AAiixeAbHocxn cyujKii. BecbMa cyme- 
CTBeHHoe CHHJKCHHe npoMHocTH n Apvrux xaqecTBeHHbix noxaaa- 
xeAeft HHxeft. B cbhbh c bthm npaxTHMecKHH HHxepec npeAcxaB- 
AHex BbiHBAeHiie xaxoro- pacnpeAeAeHHH MaxepwaAa b paAnaAb- 
HOM HanpaBAeHHH, npn xoxopoM conpoxHBAeHHe caoh Ha BosAvxe 
OXaHCeXCH HaHMCHbUlKM u paSAUMliH npOHHUaeMOCTH naXOBOK 113- 
33 HeH36eH\Hbix norpeiiiHocxeft npn BbinoAHCHHH hx — mhhh- 

MaAbHblMH. 

HhXH COCXOHT II3 OTAeAbHbIX BOAOXOH, MCHCAA' KOTOpbl.MH OCXa- 
loxcH BHAHMbie npii He6oAbiiioM yBeAHMCHHH aaaopbi, a BopcncxaH 
noBepxHOcxb cosAaex MHoroMiiCAeHHbie nepecencHUH cboSoahhix 
xanaAOB mctkav' hhxhmh. Bee axo npuBOAUx x roMy, mto bosavx 
OMblBaeX He XOAbXO HHTH, ho ii OTACAbHbie BOAOKHa, COCXaBAHIO- 
in,ne HHTb. BoAoxHa nMexjx hiimtohcho .MaAoe nonepcMHoe cene- 
HHejI BeCbMa paSBHXyK) nOBCpXHOCXb COnpUKOCHOBCHUH c ABIDXy- 
meiiCH cpeAoft; npoitecc cyiuxn npn xaxiix vcaobuhx npoTexaer 
C BfalCOXOH HHXeHCHBHOCTbK). 

Onbixbi no cymxe xexcxHAbHbix MaxepnaAOB c npoAyBxoft raaa 
Mepea caoh [1] noxasaAii, mto npoueccbi xchao- h MaccooSMCHa c 
HBMCHeHneM BAarocoAepHcaHiiH ii xeMnepaxypbi MaxepnaAa Ha- 

167 



Sanitized Copy Approved for Release 201 1/02/23 : CIA-RDP82-00038R001 700080004-3 



Sanitized Copy Approved for Release 201 1/02/23 : CIA-RDP82-00038R001 700080004-3 


1 


o.iioaaiOTca .ihiub b BecbMa tohkoh npocnofiKe, He npeebiujaio- 
meft 7% OT ToaiuiiHbi npo;iyBaeMoro aiOH. ZIo stoh npoc.iofiKu 
Bosjiyx H MaTepira.i xapaKrepnayiOTCH reMnepaxypoH Ti, noc.ie 
npoc.ioHKH — To. npouecc cyuiKH Hiireft niiMiiTupyexcH npoueccaMii 
xenao- ii MaccoooMeHa Me«<j 3 ,y eaajKHbiM MaxepiiaaoM ii raaooo- 
pasHOH cpejOH. Koxopbie onpea,e.xHioxc 5 i BosjivxonpoHimae- 

MOCXbKO C.IOH. 

B onbixax aexopa no npo/iyeKe xoaoziHoro Bosjiyxa nepes 
c.xofi nepeKpeiniiBaioiniixcH niixen ycxaHOE.xeHO, ^xo '.xiiHeftHan 
aaBiiciiMOCXb Me>Kj;y CKopo- 
cxbio (JiH.xbxpamiii ii conpo- 
xnBaeniieiM c.xoh coxpaHnexcn 
B 6oaee miipoKiix npeAe.iax 
(Re=l,2 — 6,0 no CKopocxn 
(j)H.xbxpamni) , neM 3xo xpeOy- 
excH npanximecKiix ne- 

.xen. 

C ynexoM nScXoHceHHoro 
Mo>KHo BocnoobsoBaxbcn 3 a- > 

KOHOM JIapCH JJIH ycxanoBHB- 
merocH TiByiviepHoro paztnajib- 
Horo xeneHHH HecjKHMaeMoii 
>KiiaKOcxn qepea c.xon 


dp = 


fxl/ 


dr 


2T.Kh 


(1) 



<PcPrP 

feSOpO 


Pnc. 1 . CxcMa miaiiHxpnnecKoi! nopii- 
CToii naKOBKii: 

1 — nepiJjopupoBaHHbui iiarpoii: 2 — nopiiCTbiii 
cjioii; r, — BHVTpeHHiiii pafliiyc naKUBKii, 45 .u.«; 
r.. — Hapy>KHbiii, 90 .v.ii; h — BwcoTa iiaKOBKii. 
145 .IMf, U" — CKOpocTb (Jlll.lbTpamill 


npii HsoxepMiiHecKOH npo- 
j,yBKe napaMexpbi Bosayxa b 
c.xoe He MeHHioxcn. B c^xynae 
cymKii c.xoH cqnxaexcn cocxo- 
nmiiM 113 onHoro n.xn jxByx 
npocaoen c nocxoHHHbiMii na- 
paxiexpaMH B03;iyxa b npe- 

a,e.xax KancitOH npoc*xoHKH. B pesyjibxaxe pemeHun (1) iipn no- 
cxoHHHOM sHaneHHH K no,xyqaexcH oSmensBecxHoe ypaBHeHne 
(17), Koxopoe 6bKxo ncnojibaoBano j,xh onbixHOro onpejiejxeHn5i 
K03(|)4)nmieHxoB ripoHimaeMocxii cyxoro c,xoh. Opii sxom uh^xiih- 
apimecKiiH caoH npoa.yBa.xcH xoaoAHbiM BoaayxoM ii saMepn.xncb 
reoMexpunecKne paaMepbi ii nee npocaoex, a xaKH<e nepe- 
naa aaB.xeHHH b npoc.xoHKax. B onbixax npiiMeHnancb xeKcxiiab- 
Hbie Maxepna.xbi pas.xuMHbix nepen.xexeHiin n hhxh c nepexpeex- 
HbiM pacnoao>KeHHeM b caoe. FlaoxHocxb naxoBOK Mennaacb noa- 
SopoM Maxepnaaa h usMeHeHneM HaxHJKeHiiH npn HaMaTbiBaHiiii. 
OnbixHan aaBiicHMocxb KoacJicInmneHxa npoHimaeMocxii ox nopn- 
exoexH caoH 


Ig/C = (Iga) — (11 H- Igc), 


( 2 ) 


(2a) 


H3-3a ocoSeHHOCTen cxpoeniiH caoH xeKcxn.xbHbix niixen ko 3(|)- 
(|)imHeHxbi npoHHuaeMOCxii oxasaancb ooaee huskiimii, qeM y 
r.xaaKiix HHxefi (2), ii HaOaraaaaocb HeoSbiqno pesKoe CHiUKeniie 
BeaiiquHbi K c yMCHbiueHiieM nopncxocxn caon . KpoMe xoro, 
npii MaaoM OTHomeHun paaHycoBr2/Xi (Menbuie 2) rpaaweHx aaB- 
aeniiH MennercH no paanycy BecbMa 6bicxpo n neanaqiixeabHoe 
yBeanqeHHe nan yMenbiuenne o6x>eMHoro Beca BHyxpeHHiix npo- 
caoex cymecxBeHHo B.xiiHex na nponimaeMOCXb Bcero caon. 

Wxo6bi BbiHCHHXb, npii xaxoM pacnpeaeaenini Maxepna.xa b 
paanaafaHOM nanpaBaennii conpoxiiBaeniie naxoBxn onpeaeaen- 
Horo Beca n npuHHXbix reoMexpnqecxnx pasMepoB cxaHOBiixcH 
MHHHMaabHbiM, HBoOxoanMO nocxaBaeHHyio saaaqy peiuaxb b bh- 
ae cxeneHHOH saBiiCHMocxn 




( 3 ) 


(a = const a^B Bcex caoes npiiHaroft naxoBKH; ft = const 
npn saaaHHbix Bece n noxasaxeae cxeneHn n). 

Hs ypaBHCHHii (2) h (3) HMeeM 


niv = ’j! p' Ig r, 
lgft+ Igc 


( 4 ) 


Iga 


P' == 


Iga 


noaexaBaHH B (2a) snaneHiiH BeanqnH h 3 ypaBHennH (4), 
HMeeM 

5 = a -f p Ig r, (5) 

rae 

a = (1 — a')y; p = — yP'- 

B pacCMaxpiiBaeMOfl naxoBKe a = const h p = const. 

BbipasHM nocxoHHHyio BeanqHny ft b (3) qepes nee naxoBKn 
H noxasaxeab cxenenii n. /Ian sxoro naftacM sec aaeMenxap- 
Horo Koama dG (pnc. 1): 

dG = 2-rdrhZ. (6) 

PasMep h aaa Bcex caoea npanax oaHHaKOBbiM. yquxbiBan (5), 
noayqacM 

dG = 2 t. hr (a -f p Ig r) dr. (7) 

HHxerpupyH ypasHeHne (7) ox Xi ao r^, noayqaen Bee na- 

KOBKH 

G=7la + Bp, (8) 
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riOACTaB^iHji B (8) BMecTO a n p iix SHaqeHiiH, no.iyyae.M 

b - exp (8,54 - 1,93/2 - 6,24- 10-=' G). (9) 


B ypasHeHiiH (1) saMeHaew ee.TumiHy K ero sHaMCHHeM hs ( 3): 


— dp^- 


dr 

2'!zhb /"■'■T-i 


( 10 ) 


HeHHe conporHBJieHHH naxoBKH. FIoxasaTe.ib cxeneHH n 
Bcex c,ioeB npHHHXofl naxoBKH — BejinHnna nocxoHHHaH; y Apy- 
rnx naxoBOK oHa Moxcex Cbitb hhoA, ho xaKiKe nocxoHHHofi. 

HaflAGM, npH KaxoM snaqeHHH n conpoxHBJieHne naxoBKii 
onpeAeTieHHoro Beca ii npnHBXbix reoMexpnqecxHx pasMepOB 
OKasbisaexca MUHHMaAbHbiM: 


d (Ap) 

dn 




n 



]_ 

2'" 



n 


— In /'a 


= 0 . 


(15) 


FpaHUMHbiMH yc..xoBHHMn hbvXhioxch: 

npH r = ii p ^ Pi I 
iipH /■ = r .2 p = p 2 \ 


Peuian (10) ii noAcxaB,iHfl rpaHnqHbie ycAOBna (11), 




Pi - Pi = Ap = 


10 ” {A 1 / 1 r 1 


2~hb 


- i ]- 


yriHXbiBaa (9), iiojiyqaeM 


Ap = 


I0“ttl/ 


2-/2 exp (8,54 — 1,93/2 — 6,24- lO-^G) 


- r 4 r - 4 rl . 

« L 'f '1 . 


cxaSiijibHoro nponsBOACXBa reoMexpimecKHe pasMepbi 
naKOBOK H iix Bee Aoa>KHb] 6bixb nocxoBHHbiMii. Hpii xaKHx yc,xo- 
BHRx (12) nepeniimeM b cneAytouieM Bii.ie: 


FAG 


Ap=- 


10» 

2-/2 


VR, 


, _ 10- r 1 

bn L 't 


(14) 


rioACxaBJiHfl paswepbi iiaKOBKii, nweeM 

2« (0,43/2 -1)4- (0,27/2 4- 1) = 0. (16) 

KpOMe OMeSHAHOFO KOpHH /2i = 0*, ypaBHeHHKD (16) VAOBJie- 
TEopaeF BxopoH KopeHb /22= — 1.9. Ha pac. 2 npeACxaB.ieHa sa- 



Phc. 2. KpiiBbie (a) pacnpeae.ieHiiH iuiothoctu 6 (e/cjid) no pa- 
aiii'cy naKOBKii r (,h.i/) npn SHaneHnax: 

/ — ;i = 3; .2 — 2; 3—1; ^ — 0; 5—1; 6 1.9; 7 2; S 3; 

9 4 II saBiJciiMocTfa (6) Be.iiiqiiHbi /? ot noKaaaTe.na cxeneHii n 


nepBbift COMHOJKHXeAb VpaBHeHHH (14) HBAHeXCH nOCXOHHHOii 
BeAHqHHOH, p. V saBHCHX OT pacxoAa BOSAyxa h ero bhskocth, 
a R onpeAGAHexcH pacnpeAeAenneM MaxepHaAa b paAHaAbHOM 
HanpaBACHHH naKOBKi! (BejiiiqHHoft fi). OpH nocxoHHHbix sna- 
HCHHflx pul/ conpoTHBAeHHe CJiOH OKasbiBaexcH nponopuHO- 
HaAbHblM BCAHMHHe R, KOTOpOfl MOJKHO xapaKTepHSOBaXb H3Me- 
170 


* ripii n == 0 3paBHeHi3H (12) , (13) ii (14) noJiynaioT HeonpeAeJieHHyio (JwpMy, 
pacicpbiTiie KOTopoii npHBOAHT k oOmensBecTHOMy peinenHio j'paBHeHiiH Jtapen 
c nocTOHHHbiM SHaneHiieM K'. 


OrpaHimeHHH b OTHOiueHnn npaKTiwecKoro npiiMeHenHa SToro ypaBHeniiH, hbjio- 
yKeHHue b [3] , B .^aHHOM cjij^nae ornajiaioT. 

171 
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BiiciiMocTb BenimiiHbi R OT noKasaienH cienenn n, iis KOTopoii 
BHp,Ho, qro MUHHMa.ibHoe 3HaMeHiie R, a c.ieztoBaxe.TbHo ii conpo- 
THB.ienne c.ion, cooTBercTByeT /t 2 = — 1,9, a xatoKe SHaqeHiiK) 
naoTHOcTii c.ioJi. HaftaeHHoro no vpaBHennio (5) npn pa3.niiqHbix 
SHaneHiiH.x /i. 

Ha conocxaBneHiiH KpiiBux c.xeayex, mxo npn /i<— 0,5 jia>Ke 
3HaMiixe.xbHbie norpeiuHocxii b pacnpeae.xeHiin Maxepiia,xa b pa- 
j,Ha,ibHOM HanpaBJieHiiii nonxii ho Bnnniox na npoHnuaeMocxb 
cnoa. Ho npii //>0 nepepac- 
npeiieneHiie Hiixen no c.xonM 
B.ienex aa co6on ananuxe^xb- 
Hoe HSMeneHne nponiiuaeMo- 
cxn. 

ripaKxiinecKii ocHOBHan 
Macca naKOBOK xapaKxepnsy- 
exC5i //>0, nosxoMy Ko,ne6a- 
Hun npoHiiuaeMocxn nx npn 
HaaiiMini norpeiuHocxeft npn 
HaMaxbiBaHini jocxnraKox ne- 
aonycxHMo Oo.xbiunx pasMe- 

pOB. 

Ecxih nepenxH ox pacnpe- 
j,e.ieHUH Maxepnajia c n>0 na 
/f<0, xo npn nocxonHHOH npo- 
HimaeMocxn eec c.xon yBe,xii- 
nnxcH. Tax. cyxan naxoBKa 
Beco.M 900 a n xapaKxepiiayio- 
mancH n = — 1,9 ne ox.xnnaexcn no npoHimaeMocxn ox naxoBKii 
BecoM 850 a ii HaMoxanHon c n= +1,5. Ec.xn op.nHaKOBfaiMn oxa- 
TxyxcH BecoBbie noxaaaxe^xn, xo y caon c n<Q conpoxiiB.neHne 6v- 
a,ex MeHbinii.M, neM y Bapnanxa c /7>0. 

nocaeaHiin BbiBoa npoBepnacn onbixHbiM nvxe.M na naxoBxax 
CO cxynennaxbiM nsivieHeHiieM naoxHocxti b pajiiaabHOM nanpaB- 
.xeniin. Bo Bcex onbixax axon cepnn ncnoab30Baacn oann xoMti- 
aexx Txanbix MaxepnaxoB, a xaix/ibiu Maxepnaa naMaxbiBajicH 
c ojiHOM n xoH H<e naoxHocxbio. B naxoBxax xnna A nnoxnocxb 
no Mepe yBeannenun pa^nyca caon cHn>xaaacb, a b B noBbima- 
aacb (pnc. 3). Ha pnc. 3 BiiaHo, nxo Boaayxonponimae.Mocxb na- 
KOBOx xnna B npiiOananxeabHo b 1,5 paaa npeBbiuiaex anaaornn- 
Hyx) Beannuny aan naxoBox xnna A. 

SnaneHne noxaaaxean cxenenn /i oxaabiBaexcn cvmecxBenHbiM 
He xoabKo npn npoayBxe raaa nepes caon. ho n npn BbinoaHeHnn 
CO caoeM Hiixen apynix onepaunn. Kpoxie xoro, Bananne Beannn- 
Hbi n nponBanexcH xax npn iiHanBiiayaabHon, xax n npn rpynno- 
BOH cymxe naxoBox b op;hom annapaxe (xa6aHiia). Hpn nponeae- 
Hnn onbiTOB MaxciiMaabHbift nanop sxcnepnMeHxaabHon vcxa- 
HOBxn He npeBbimaa Ap = 5900 h/m-. 

172 



Phc 3. SaBncHMocTb conpoxiiBJieHiiH un- 
aiiH/ipimecKoro cjioh A p {h/m'^) ot cko- 
pocTii (})iMbTpamm W (M/ceK), oTHecerr- 
Hofi K BHVTpeHHeii noBepxHocxrr Maxe- 
pna.ia: 

I - Tim .1: H - TIMT B 


T a 6 .1 liu a 

oonocTaBJieHHe 3KcnepHMeHTa,ibHbix sKaseHHH noKasare^ieH npoHHuaeMocxH 
H cyujKH naKOBOK c pa3,iH4HbiM pacnpeaejicHHcM MarepHa.ia 
8 paaHa,>ibHOM HanpaBJieHnn 



!i 

c 3 

cj 5 

|l 


|l 



1.^ 


ill 

O S' 

24* 

.4 

0 . 352 

1070 

0,408 

1490 

0.31 1 




1 , 280 

1 


B 

0.354 

1380 

0,32o 

1123 1 

0.394 




I 005 


25 

B 

0.355 

1396 

0..321 

1070 1 

0,406 

5560 

27.9 

1360 

1 . 070 

36o 

26 

A 

0.350 

1059 

0.403 

1420 

0,312 

5780 

10.0 

2520 

1 .290 

269 

29 

B 

0.304 

1485 

0.274 

11/5 

0,341 i 

3720 

42.9 

853 

1 . 130 

440 

30 

A 

0.299 

1 140 

0,360 

1540 

0,253] 

5640 

19.7 

1580 

1.483 

281 

31 

B 

0,303 

i 

1425 

0.271 

1182 

0,354 I 

J 

4190 

42. 1 

971 

1,160 

433 

* 

riiiKo 

^1 B.K-: 

.umBa,-,., 

Cb .U.IOB 


c (>AHHah 

aiBblM lu 

■iienaAnM 

AiiB.nL’im 

jj 



ripHBeAeHHan^ cepnn onbixoB npoBoanaacb na naxoBxax 
c AByMH npocaonxaMii; npn 3xom saMepnancb naoxHocxn npo- 
caoex, conpoxiiBaenne caon, pac.xoa B03.T;yxa nepes naxoBxy, 
BaaroconepncaHiie Moxporo xiaxepnaaa nocae BbixecHCHnn Boa.bi 
Bos^yxoM (nepe,i cyuixon) n c-bexi BbicymeHHoro Maxepnaaa 
c ycxaHOBxn sa nac. Hpn HHa,nBnji,yaabHOH cymxe Bce noxaaaxe.xn 
X naxoBOK xnna B oxaaaancb aynmuxm, neM jian naxoBox xnna .4, 
a HMeHHo: xienbrne 6biao conpoxnBaeHne caon nan Bbiuie pac- 
xoa Boaayxa, Hna<e saaTXHocxb Maxepnaaa nepea cymxon, Bbime 
npoH3Boa.HxeabHocxb cymnabHoro o6opy/i,OBaHHH; xpoMe xoro. 
MeHbme 6bia pacxoj xenaa na eauHnny BbicymeHHoro Maxepna- 
aa, HHTxe coaep>KaHne MUHepaabHbi.x npiiMeceft b cyxn.x huxb-x. 
a B CBH3H c 3XHM MeHbme iiBHoc HiixenpoBoanmiix saeMenxoB b 
nocaeayiomux xexHoaornnecxnx onepammx. 

Hpii rpynnoBOH oopaOoxxe npeniviymecxBa ocxaioxcn xax>xe 
3a naxoBxaMH xnna B. Tax, HanpnMep, b onbixe jYg 24 naaroco- 
aepHcamm Maxepnaaa nocae BbixecneHnn Boabi BoaayxoM n nepea 
90 MUH cymxn cocxaBnan cooxBexcxBCHHo aan caon xnna .4 1,21 
H 0,48 KejKe, a y caon xnna B 0,92 n 0,07 Ke/Ke. 

TtBabHefimne onbixbi noxasaan, nxo c VBeanneHneM nncaa 
npocaoex Bce nepenncaeHHbie noxasaxean b naxosxax xnna B 
yaynmaioxcH. 

TaxHM o6pa30M, nopncxbin caon c noxasaxeacM /z<0 iiMeex 
npeiiMymecxBa He xoabxo aan npoHimaeMocxn, ho h b oxHomeHirn 
BbixecHeHHH Boabi BosayxoM, cymxn n apynix noxasaxeaen. 
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06o3HaHeHnn 

— nopiiCTOCTb; K — KoatJifJiHmieHT npoHnuaeMOCTii; 5- 
njiOTHOCTb cjcxoro c.ioh; y — oS-beMHbift sec Hiirefi; u — bh 3- 
KOCTb Bosjiyxa; V h — oS-be.MHbift h BecoBOfl pacxo;i bo 3- 
7iyxa; /? — rekymee jiaBTieHiie B03;iyxa; h po — J^aBJIeHne 

B^;iyxa iio c.aoH i. noc^e A p- nepena;i;iaB.3eHHH b c..oe: 

S ^ — BHyxpeHHHft H HapyjKHbifi 

pa;invcbi naKOBKH; /z - Bbicoxa nakOBKn; n r, — xeMnena- 

T) pa BOSAyxa ao c.aoH ii noc.ae cioh; h u /z — KoscbcbHUHLT 
H noKa3aTe.ib creneHii, xapaKrepiisviomHe pacnpeAeJenire xia- 
Tepna-ia no pa^iiycy: a h <r — K-o3c})(f)HHHeHTbi. 

.1 IfTEPATy PA 

iges'' TeKCTii.nbHOH npoMbiiii.ieHHocTii, Al? 3. 

3Hep;o.f3':iaT; igel ° ^ ^ ° KoNmaKTHwe xen.ioooMeHHiiKH. Foc- 

3. C K. A 6 p a M o B. B. jX. 5 a 6 v in k h h. ^teTOihi nactieTa nnnmKP 
Boahi K oypoBbiM CKBavKiiKaM roccTpoiiHaaaT. !955 ^ npiiroha 



coaep>kahhe 

M. H. MapKOBa, H. P. MapriouJHH. Mcc.ieaoBaHik- MacccooMena npu 
ii^napeHtiii Boabi c iioBepxHOCTii usAe/iiifi. iiorpv/beHHhix b nceBaoo>KH- 
--KoHHbii! c.Toii Me.iKosepHiiCToro MaTepiia.ia .... 3 

C C. 3a6poacKHii, J1 n. lUjianKOBa. rnapo.inHaMUKa nceBaoo>Kn- 
.•■^vhHoro C.iofl npn Her.xy 6 oKOM BanyyMe .... q 

***• K .MetoaiiKe pacMera KHHernKii iiarpcBa B.ia>KHoro 

AKiTepiia.ia b ne','*BaooHviiH^eHHOM c.ioe ... ]5 

“■ CWPOMHTHHKOB. O MeTO.lllKe OOpaOOTKH 
"ii. 3 iTHbix .lanHbix no Ten.7oo6MCHy Me>Kiiv qacTimaMii n raaoM b nceB io- 
<.-avH>KeHHO.\i cnoe 

E. A. KaaaKOBa. B. M. JlHHaHH. lIsMepeHiie TOMnepaTvpbi ra^a b 
ncoBaooBvijH^eHHOM cnoe ' - > ^a.^a b 

. o'thV-.H; M. naxajiycB. O BepTiiKa.XbHoii ren.ionpoBoa- 

.io<.Tii KHnnmero b Hacanne cnon 31 

C. C. SaSpoacKMH. H. B. Ahtohhujhh, B. A. Bopoayjin. B. A. Hcm- 
KOBHq. ABvxiyiMepHbin pereHepaxnBUbin xen.xoouMeHHiiK c unpKv.mpvio- 

iltcll HflCa.IKOII . . . . , ^ 

T ■ Ahtohhujhh. B. A. Bopoflyjin, C. C. 3a6poacKHH. B. A. Hcm- 
hOBHH. Ten.xoBon ii ni.ipo.xiiHaMBMecKnfi pacnex .iBVXKaMepHoro mhofo- 
perenepaxiiBHoro xen.xoooMeHHiiKa c unpKy.iiipyiomen na- 

^ n pii.iojKeHiiii o 6 o 6 meHHoii xeopiiii 

ier\.XBpHoro peA.iiMa k xen.ioooMenv b nceBjoo>KiiHveHHOM c.aoe . . 47 

C. C. 3a6poACKHH. O xen.iooSMeHe BbicoKoxeMnepaxvpHbix nceuio- 
o.+cji/KeHHbi.x c.xoeB c noBepxHocTHMii ■ , ' 52 

O paauaiu.oHHOM xen.xooOMeHc 

.ii.CBAOOA.iIA.eHHOrO C.XOH C nOBepXHOCTbKD 5^3 

A, M. TaMapHH. K Boiipocv xiina\!HKii Knriamiix 
C.xoeB B KacKaAHbix ycxaHOBKax 6*7 

A. M. PyjiioK. O HeKoxopbix ocodeHnocxHX ni ipoxiina\mKii neon xo- 
OB<!i>KeHHoro C.IOH npii OKiiraHiiii b hom >KiijKoro xon.nina . b.v 

r. H. SjibKHH, 3. P. FopGHc. Hcc.xc.ioBamic v.RMriixoii \u \aimKii 
aapoauHaMUKii n Ten.ioo 6 MeHa b «xopMO>KeHHon ra ioiniiu’CM-' 71 

A. JT. riapHac. C. C. 3a6pOACKKH. ilBi!>KCHiii' n xt'ii.nxiriMfH MaoMin 
3 Boc.xojjjmeM ny.xbCiipyromeM noxoKo raaa . . 70 

M. C. 3aK, H. H. EeabnepHH. Hcc.xe ioBannc -ni<oKxiipa '■ 

.XBy.x(})a3HyK) CMecb «ra3 — TBep 4 oe» b annapax c Kiiimimiq ,,;.u ' 

H. A. <I>yKC, A. A. Kupuj. B.xiihhiio KOH/KMicnumi napa 
i! iicnapcHUH c iix noBepxHocxii na oca>KHMiiic aviunu lau . . 

tpH.TBxpax . . 
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B. E. A^BUflcoH. 06 ycKopcHHii TBt'p.ibix nacTnu hotokom rasa 

3 uHnimapimecKofi rpyOe 

C. H. llIaoaHOB. B.iiiHHiie coyaapcHiJii na cKopocTb ycTanoBUBine- 

rocs no.HKjrpaKUiiOHHbix 4acTHu b BepTJiKa.ibHOM noTOKe 

A. M. rajiepuixeiiH, H. A. JleneuinHCKHfi. O Bbi5ope napaxseTpoB 
crpyHHoro oca.uiTe.in 

H. H. <l>HKJiiiCTOB, r. A. AKce.ibpya. KiiHCTHKa MaccoooMona xsep- 
^Xbix MaCTHU, B3BeiiieHHbIX B BepTIlKa.lbHOM nOTOKe >KIiPKOCTli, npH ro- 
pH30HTa.lbHbIX KO.ieSaHIIRX KOnOHHbl 

A. A. Mocca. O xapaKTepucrnKax npouecca ropeiniB kokcobux nac- 

T!m B noTOKe npii bwcokiix xeMnepaxypax 

M. <J>. KaaaHCKHH. P. B. AyuwK. B. M. KaaaHCKHii. Onpc.ic.neHiic 
4)opM CBH3ii B.iarii c .iHcnepcHMMii xe.iaMii no Ntexo.xy xepMorpavM 
cvuiKii B lunpoKOM aiianasoHO xeMncpaxyp 

M. B. BeHcaHKXOB, H. M. Pyanwii. .Mexo.i li vniioiicxBO xih onpe- 
.le.ieHiiH Ma.ibix B.xarocoacp»aHiiii u nopoiiiKooSpaaHbix Maxcp^iia.iax . 

n. n. Ojioa,OBCKHii. A\exoa pacioxa MaKciiMa.nbHoii a.xcop6u!!OBH(>n 
B.iaroeMKocxH bomb ii rpxHxoB 

B. M. KaBaHCKHH. V.xe.ibHaa xeii.ioxa iicnapemiH B.iarii ii3 r.xii- 

nacxbix MHHcpa.ioB 

B. A- AyHCKHii, A. M. TaiwapHH. O xen.KMipoBo.iHMCXH aacbinKii 
aiicncpcHcro Maxepna.xa b BanyyMe 

r. H. MopoBOB. O pacnpeae.ienii!! nopiicxuro MaTtpiia.ia b un.iiiHa- 
paaecKOM c.noe. iioxaeibameM cyiiine c npo.xvBKoii rtiaa Mcpex c.ion . 


02773. CaaHO 3 naOop 11 I-lP6dr. HoAnncauo K nevaxH S.'lli- IP65 r. 

3600 ^K3, OopMaT 60X90* <1>H3. neu. .ihctob 11. Vh.-h3;i. .ihctob 0.-3. 
1I3A. saKaa -2-30. Tun. aanaa 103. Uenn 62 koh. HayqHC-TC^n- 

qecKOii .AHTepaTypu naaaTe.ibCTBa «HayKa ii TexHHKa> AH BCCP Tcckomh- 
Tt.*Ta Cosefa .Mhuhctdob BCCP no nenaTii. AVhuck, neHSiHCKiui npccneKT, 
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B. E. AaBHacoH. 06 yCKopoHHi! TBfp.twx MacTiiU noTciKOM rasa 

3 iLH.uiHjpjmecKoii Tpy 6 e 

C. H. UlaoaHOB. B-inaHne co\uapeHHii na CKopocTb ycraHOBHBme- 
roCH aBiiJKeHiiH no.iiKjjpaKUiioHHbix nacTiiu b BeprnKa.TbHOM noTOKe 

M. rajiepuiTCHH. H. A. JleneiUHHCKiiii. O Bbi6ope napaMerpoB 

CTpyiiHoro oca.iiiTe.ia 

M. H. ‘l>MKJiHCTOB, r. A. AKce.ibpyji. KuHCTiiKa MaccoooMeHa TBcp 
.ibix nacTim, BSBemeHHbix b BepTiiKa.ibHOM noTone acnaKocTii. npn ro 
PHBOHTa.lbHblX K-O.ieoaHliaX KO.lOHHbl 

A. Jl. Mocca. O xapaKTepiiCTHKax npouecca roperniB kokcobu: 

Tim B noTOKe npn BbicoKiix Texineparypax 

M. <!». KasaHCKHH. P. B. JlyuwK. B. M. KaaaHCKHii. Onpc.ic.ieHiie 
4)opM CBH31I B.iani c aiicnepcHbiMii Te.iaMii no MeToay lepMorpaxiM 

cyuiKii B LunpoKOM Aiianaaone TeMneparyp 
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